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a A mass production automobile manufac- 
turer was changing a carburized transmis- 
sion over to an oil hardened type. Practi- 
cally every operation in the production of 
the transmission was affected. 


m The services of Republic metallurgists 
were offered....and accepted. Into the 
shops of the automobile manufacturer went 
seven Republic metallurgists....each with 
broad knowledge and experience on the 
work to which he was assigned. 


a For two months, Republic metallurgists 
worked side by side with heat treaters, 
machinists and other operators. They as- 
sisted in practically every step of produc- 
tion. The transmission change was effected 
smoothly and efficiently....truly an achieve- 
ment in mass production. 


m= Republic metallurgists are masters cf 
metals, recognized as authorities on the 
properties, behavior and production prob- 
lems of alloy steels. They have aided hun- 
dreds of users of alloy steels in varying 
lines of industry. Their cooperation involves 
no premium in price, for it is automatically 
yours when your specification calls for 
Agathon Alloy Steels. 


132 pages of useful data and 
information on alloy steels are 
included in the new edition 
of the Agathon Alloy Steels 
Handbook. Write for a copy 


Into the shops went 
Seven Republic Metallurgists 
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The grain size test impor- 
tant feature quality control 


TIMKEN ALLOY STEEL 


RES 


2 


Timken Alloy Steel 


The importance of grain size in alloy steel is now recognized by the 
majority of steel users because of its far-reaching effects upon their 
individual fabrication requirements. 


Grain size is a purely physical property, and is controllable within cer- 
tain limits, according to the user’s needs. 


The most suitable granular structure in any grade of steel for any 
particular purpose, is the one that most nearly produces ideal fabri- 
cating conditions, from the user’s viewpoint, without detrimental ef- 
fects upon the steel from the standpoint of service. 

Timken metallurgists have established the most efficient grain sizes 
for practically all user requirements, and have standardized the melt- 
ing practice necessary to obtain them. 


THE TIMKEN STEEL & TUBE COMPANY, CANTON, OHIO 
Detroit Chicago New York Los Angeles Boston 
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The new Riehle catalog 
will be ready for distribu- 


tion soon. Write reserv- 


ing vour copy now, 


RiKHLE 


ENGINEERING 
and CONSULTING 
SERVICE 


The design and construction of special testing equipment 
to meet unusual needs is an important phase of Riehle 
Service. © Riehle engineers are equipped by many years of 
experience with the diversified testing problems of many 
industries, to help you solve your individual testing needs, 
and to design and manufacture equipment expressly for 
your purpose. @ This service is offered on a fee basis for 
consultation and the preparation of drawings and reports, 
and, if you so desire, the manufacture of the needed 
equipment. @ If you have testing problems of such a 
nature that they cannot be solved by any of the standard 
equipment on the market, write to Riehle for a detailed 


explanation of this service. 


BROS. TESTING MACHINE CO. 
1124 NORTH NINTH STREET PHILADELPHIA, PA. 
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By J. Me CLOUD 


Baw Motor Company for 


some time enjoved the advantages of purchas- 
ing a wide variety of steels and these in large 
quantities. These two facts have enabled it to 
evolve types best suited to the needs of the vari- 
ous designs. It is the practice before any design 
or detail is released from the engineering de- 
partment for the designers to confer with the 
metallurgical department as to the proper mate- 
rial and treatment to be used. By close 
cooperation between these departments im- 
provements both design and treating 
methods are quickly made and taken advan- 
tage of. We could easily design a car using only 
three or four steels, but it would not be as eili- 
cient as our present practice of using around 40. 

While in general our steels are similar to 
well-known S.A.E. specifications they are in 
most instances distinctive, as the chart on page 
83 will show. [tis noted at once that the carbon 
ranges are unusually narrow and the phosphor- 
ous and sulphur limits are unusually low. 
However, the steels are largely arranged so 
that the outside edges of any predetermined 
chemical range overlap, giving a valuable safety 
margin for the steel makers. Such selection is 


only possible through close cooperation between 


producer and user. In this we have been for- 
tunate, and we feel that only by actually know 
ing the exact uses and processes maintained cai 
the producer give the best material he in reality 
desires to give. 

Classification of heats to five points in ca: 
bon (as well as the rest of the analysis) is don 
at the mill from heat samples. Even this five- 
point range is sometimes divided into high and 
low. While some spread may be found in an 
alyses of individual bars, we have been able to 
maintain remarkably close limits physica! 
properties in our heat treated parts. In this 
way we have been able to establish the see- 
ond general characteristic of our steels, name! 
high physical properties in the completed parts 

Naturally the problem of stock keeping 
with so many types is no light one. A usual 
custom is to paint the ends of steel bars in stock 


in distinctive colors and figures. This practic 


is followed, but an additional precaution ts | 
roll each type of steel in a distinctive sectio! 
and size. This is in general taken care of by @ 


division of the Ford purchasing departny 


with the cooperation of the various forge s! 
and departments affected. 

Carburized driving pinions and gear part's 
are made of Type A, a chromium-vanadiun 
steel; lower carbons in the range go into p 
for Model A Ford, and high carbons into M: 


AA Ford trucks and Lincoln cars. 


METAL PROG! 


| 
= 
e ls used 
« 
2 
5 
x 
4 . 
| 
Se ; 


Industries 


Heat treatment differs from the usual. We 
use only one quenching heat, and that one quite 
high namely 1650° F. 

Forgings for pinions are normalized. The 
parts are machined and then copper plated to 
control the location of the case. They are again 
machined to remove the copper where hardness 
is desired. After carburizing the parts are 
cooled in the boxes. Reheating is done in molten 
salt, the bath carrying a sufficient amount of 
cyanide to insure a clean hard surface. Quench- 
ing is in light oil (70 to 90 Saybolt viscosity at 
100°) maintained at a definite temperature. 
Pinions are then drawn in oil at 400° F. 

While we maintain a definite hardness of 
(os to 65 Rockwell on the case of the pinions, 
we are most careful that the hardness of the 
core be maintained at 250 to 340 Brinell. This 
corresponds to a core strength of about 150,000 


lb. per sq.in. 


Gears are Single Quenched 


Recommended practice of the A.S.S.T. for 
carburized gears is a double quench, the first 
‘rom about 1600° followed by a low temperature 
(uench from about 1450° F. There is no doubt 
‘hat this obtains a fine grained case and core. 
‘ul if we inquire into what happens in this 
‘ouble quench we realize that while the first 

ration refines and hardens the core, the sec- 
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ond (while hardening the case) is an excellent 
annealing heat for maximum softness, and least 
strength, in the core. We have found, and this 
has been verified at the Bureau of Standards, 
that the wear resistance of the high carbon case 
is about as good even in the somewhat coarser 
condition secured by a single quench as in the 
fine grained state secured by the A.S.S.T. recom- 
mended method. 

The alternate recommended method by the 
AS.S.T. is a single quench from the same low 
temperature used as a second quench in the 
above method. As far as gear strength is con- 
cerned, this gives even lower values, due to the 
coarse, soft core. 

Summing up, we find that our single- 
quenched gears give us far greater strength and 
equal wear compared with the more usual 
practice. These findings have been confirmed 
by extensive tests made both in the laboratory 
and in actual service. 

Lincoln and AA ring gears are also made 
of Type A steel. The treatment in general is 
the same. At present some ring gears for trucks 


are being made of chromium-molybdenum steel. 
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Above Is a Battery of 
S.A.E. A615. Per- Automatic Furnaces for 
Ball Bearing Parts. On 
page opposite is a series 
tortion is main- of salt baths for harden- 
tained but at ing carburized gears and 
pinions 


haps less dis- 


the expense of 
machinability. 
This difference 
in machinability may, however, be due to the 
grain size inherent to the two steels; perhaps 
if larger grain size could be obtained in the 
1615 both benefits might be reaped. Of this, 
as vet, we know too little. 

An interesting test method was evolved fo! 
the short taper-bored pinions used in the Mode! 
T Ford. A taper pin, used as a piercing tool, 
was forced into the pinion and an autographic 
record made of the force necessary and tli 
amount of deformation obtained in the pinion 
The curves show a hook at the upper end. This 
test was used as a regular production check, © 
number of parts being tested each shift. Th 
shape of the “hook” is regarded as being as i 
portant as the strength. 

Type AX steel differs from the above 


that it is straight chromium. It is, in cons 
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nce, made somewhat higher in chromium 


d manganese. This is used very largely for 


rburized jigs and fixtures in tools throughout 
e plants and for Model A steering worms. 
these are normalized, machined, heated in a 
ch cyanide bath long enough to obtain a case 
it least 0.010 in. deep, and quenched in oil. 
Being alloyed with chromium and manganese, 
the core hardness is well over 300, giving excep- 
tional strength and toughness. Since these may 
be oil quenched the distortion is also kept to a 


minimum. 


Much Chromium Steel Used 


Type AA steel is the first of a continuous 
group of chromium steels running from 25 to 52 
carbon, and differing little in manganese and 
chromium. Steering spindles and connecting 
rods are now the most important use of it. 

Model A connecting rods are hardened in 
electrically heated conveyor furnaces with auto- 
matic quenching. Temperature of the quench- 
ing water is controlled as well as the length of 


time in the quench. We have noted that time in 
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the quench is the most important item in con 
trolling quenching cracks and specify that con 
necting rods (and other parts as well) must be 
removed while still quite hot. Drawing is done 
in a similar furnace. These parts are left at 
quite a high level of hardness: 286 to 321 Brinell. 
This means that machining is not simple but 
machinability is a matter of desire and our ma- 
chine shops have been taught to handle steels 
of such hardness. 

A further complication is in the design. 
These rods have integral studs, instead of using 
the conventional bolts. These studs must be of 
suflicient hardness to insure proper strength 
(Brinell 286) vet not over 321, so as not to be 
brittle. 

A great quantity of this AA steel has been 
successfully cold headed to form Model T con 
necting rod bolts. It has a minimum elasti 
limit of 100,000 Ib. per sq.in. and a reduction of 
area of more than 60°). It was quenched and 
tempered prior to cold drawing. 

It is also used, heat treated and cold drawn 
in hexagonal section for the highest strength 


nuts, as for Lincoln connecting rod bolts. We 
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also select certain heats on the high side for 
highly stressed and vital parts, such as steering 
spindles for Model A. 

Type AAAH steel was evolved for gears in 
the Model A transmission, requiring somewhat 
higher hardness than the lighter Model T gears. 
After normalizing and machining the gears are 
bath furnaces, oil 


heated in molten salt 


quenched and oil drawn at 400° FL A hardness 
of C50 to 55 is maintained. 

Transmission shafts are also of this same 
material. For these the steel is purchased cold 
drawn of a hardness of 170 to 228 Brinell. 

In the choice of gear steel analysis we again 
do not follow the usual practice of about 0.15 to 
O50 We have found that heating 


a lower carbon steel in a molten salt bath con- 


carbon. 


taining cvanides will give a clean, file-hard sur- 
face. We also know that better tooth strength 
and wear are obtained after a low draw (400 
F.). This strength is measured by impact re- 
sistance and slow loading tests. 

The steering worm sector of AAAH steel is 
representative of a class of parts that are dif- 
ferentially heat treated so that different hard- 


nesses are obtained in the same piece. Forgings 


are normalized, machined and hardened in © 
from a cyanide salt bath. They are drawn 
molten nitrate at 800° F. to a Rockwell of C2s 
to 49 on the shaft end only. In this way t! 
gear teeth are left at C53 to 58. 

The next series of steels noted on page &! 
are all used in ball bearing work. 

The B steel is used for balls up to 44-i) 


Counterflow 
Furnaces for 
Carburiszing 
Pinions and 
Gear Parts. Both 
hearths are 
close - nested 
rollers; all are 
turned simul- 
taneously by 
ratchets attached 
to walking beam 


These are cold headed of soft wire and 
BB steel is used for large: 
BBB steel, for bear 
ing races, is quenched in oil; the hardness main 
tained is C61 to 68. 

In order to show that we have a definit« 


size. 
hardened in water. 


balls, also water hardened. 


chemical analysis set for ordinary screw stock, 


we have put up a little red flag, “No. 1° and this 


does give the intended results. It is used in gen 
eral for machined parts made of cold drawn 
bars where stresses are not high and clean fin 
ishes are important. Nuts and some bolts form 
its greatest bulk. It is also used for a few parts 
that are later hardened either by carburizing 
and hardening or by cyanide hardening with 
vater quenching. If this hardening is done a! 


sufliciently high heat, 1560° F., a good degre: 


of toughness is obtained. 
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Vedium Manganese Steels for Forgings 


Steels in Class E differ mainly in carbon 
ntent, although the first is held down to 0.03°, 
hosphorus. They are widely used. While 
ometimes classed as carbon steels they have 
somewhat higher manganese than ordinarily 
found in these carbon ranges and are akin to 
those recently described in technical literature 
is “medium manganese steels.” Automotive 
builders can take credit for pioneering in the 
use of these steels in America. Today very 
large tonnages are absorbed by large bridges 
ind other structures. 

They are used for various parts and in vari- 
ous physicals; ranging from thin flat strips, hard 
rolled to a mild spring temper, to large forgings 
(crankshafts and truck hub and rear axles), 
and to cold drawn rods used either in the treated 
or untreated condition. 

An enormous amount of type E steel has 
been successfully headed into screws and bolts. 
Such a bolt can be produced with quite high 
physicals and threads can be rolled or cut. We 
also head some EE (the 0.35 to O06: carbon 
range) into valve push rods; the headed rods 
are hardened in a continuous electric furnace 
and quenched in a caustic soda solution to a 
hardness of C50 to 55. (It might be well to 
emphasize the value of this quenching solution. 
Until H. J. French of the Bureau of Standards 
described its properties it was litthe known out- 
side of Ford Motor Co. We use a 7‘ solution. 
equivalent to 10° Baume. It has four impor- 
tant properties it throws seale off remark- 
ably, it hardens evenly and deeply, quenching 
speed is little affected by quenching tempera- 
ture, and the work so quenched is not as readily 
inclined to rust.) 

In the cold drawn state all three of these 
steels are used for pins, studs, and for highly 
important nuts. In general they all machine 
well, giving smooth finishes a factor often as 
important in some parts as high strength is in 
thers. 

These steels also have good hardening ca- 
pacity either in oil, water or caustic brine. All 
‘hese quenches are used, depending on the sec- 

ons encountered, on the intricacy or liability 
' warp and on the hardness or physical prop- 
‘ties desired. We do not find that brittleness 
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commonly believed to be associated with high 
inanganese. 

All three types in this class are used in forg 
ings, sometimes as forged, sometimes normal 
ized, sometimes treated to medium hardness 
(about 250 Brinell), sometimes hardened to 
capacity (900 Brinell). For instance, universal 
joint housing caps are E steel as forged, the 
spare wheel carrier support is EE steel also left 
as forged. The hardness of the former runs 
from 137 to 196, the latter from 149 to 196. Brake 
pedals of EF. steel are heat treated to 228 to 286 
Brinell. Emergency brake toggle levers of EEF 
are heat treated to 228 to 269, 

Spring perches for Model A are made of Eb 
steel and treated to 286 to 321 Brinell before ma 
chining; after machining, the shock absorber 
ball (a part of this same forging) is rehardened 
to C45 to 50 in a cyanide salt bath. The surface 
is maintained file hard. 

While these steels have good hardening ca 
pacity the very fact that they do not harden as 
deeply as chromium steels has made them pre 


eminently valuable for many parts. 
Improved Crankshaft 


It is, of course, a most valuable asset to 
have a hard bearing on crankshafts and vet 
they must have high fatigue value. Our experi 
ence has shown that a crankshaft, such for in 
stance as was used in Model T motors, if made 
of EE steel and finished with a Brinell of 402 
to $41 had a fatigue life of 5 to 20 times that of 
a chromium chrome-nickel steel its 
optimum fatigue hardness (about 321 Brinell). 
This same experience has enabled us to make 
a crank of the same high hardness for the Model 
A engine. In the design of the Model A crank- 
shaft, however, so much higher rigidity has been 
obtained that the fatigue value is not so import 
ant a consideration. 

The method used to determine this fatigue 
value in a crankshaft is as follows: A finished 
crankshaft is assembled in a motor having a 
center main bearing purposely ,, in. out of line. 
The motor is then run under its own power until 
the crankshaft breaks. 

A shaft of AA steel, heat treated to 286 to 
$21 Brinell, runs from 4 to 12 hr. at 1000 r.p.m 


Some shafts of chrome-nickel-molybdenum 


as ete 
“TA 
port 
q 
4 
We 
+ 
by 
3 
aie 


Drawing Machine. 
Each part moves 
through furnace 
while held in a 
fixture that pre- 
vents contact with 
neighbors but 
which uses furnace 
space economically 


steel made in England and heat treated to the 
Shafts of EE 


steel, hardened on the bearings to 402 to 444, 


same hardness, ran 6 to & hr. 


always ran more than 18 hr. Runs of 100 hr. 
were usual, and one test was without failure 
at 1000 hr. 

Such a shaft has a very hard surface and a 
uniformly graded backing to about 228 Brinell 
at the center. We believe that the explanation 
of such remarkable results is in this graded 
hardness, and work of Prof. H. F. Moore at the 
University of Illinois with carburized test pieces 
confirms our results. 

When properly surface finished this type 
of crankshaft, due to its hard surface, does not 
“drag” babbitt and can be operated at high 
speeds without danger of damaging the engine 
even when “running in.” 

Special quenching machines, directing 
caustic sprays against the parts required to have 
highest hardness, have had much to do with the 
development of uses for these medium man- 
ganese steels. Cam shafts of EE steels are pro- 
duced with cams and bearings C55 hard. Model 
A rear axles are somewhat softer, but in this 
part three separate hardnesses are maintained: 
C50 to 55 on the gear (forged integral with the 
shaft), Brinell 402 to 414 from the gear to taper 
end, and 302 to 340 at the taper end to carry the 


torsional stresses imposed on the hub key thus 
giving wear, rigidity and toughness. 

In truck axles EEE steel is used in some 
what larger sections, but with properties iden 
tical with those obtained with EE. 

As an oil hardening steel EE is used for 
speedometer driving gears. Good surface hard- 
ness is obtained from a cyanide salt bath and 
(in this section) good core hardness with little 
distortion. 

Probably no other class of steels finds a 
wider variety of uses in the Ford Industries than 
these E steels. 

Type GG steel is used for forgings, largely 
where these are not machined afterwards and 
where the stresses are not high. It also is used 
where relatively low carbon is desired, but 
where machinability is also important. It car 
ries enough carbon, and consequent hardness, 
so that there is litthe danger from tearing. This 
makes it useful for parts produced on an auto 
matic screw machine which are to be later hard 
ened from a cyanide salt bath. With a wate: 
quench from 1560" such small parts will hav: 
a file-hard surface with a core of about S00 
Brinell and very good toughness. 

Steel of Type H was originally mostly used 
for sheet parts, either hardened in oil if thin o: 


water if heavy, but now is more useful for forg 
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ings that are to be butt welded electrically. 
Carrying 0.27 to 0.37: carbon it machines 
nicely. With its lower manganese (0.45 to 
.60°°) the flash produced does not harden and 
is more easily removed. It is consequently used 
for Model A steering gear housings. 

This is the steel used in multiple dises, oil- 
immersed clutches, Model T and Fordson. For 
this purpose it was heated in a cvanide bath and 
quenched in oil while being held rigidly be- 
tween jaws of special machine. Such thin sec- 
tions hardened to C35 to 50 and are maintained 
flat to O.OO1 in. 

A large tonnage of low carbon open-hearth 
steel goes into body, fenders, hoods and miscel- 
laneous small parts. It is used in a variety of 
tempers, hot or cold rolled. We buy sheets and 
strips with physical properties guaranteed to 
form the part rather than specify any drawing 
fempers. 

W. H. Graves, Jr., of Packard Motor Co. at 
the Detroit meeting of the American Society 
‘or Testing Materials, April 1930, stated in a 
saper on “Automotive Sheet Steel” that metal- 
‘urgical practice in testing had advanced to a 
‘igher state of perfection than die design and 
stamping practice. This may be true, but we 
re still buying steels specified to form certain 
‘rts and in general leave it to the sheet mill 


This, 


ctallurgists to supply what is needed. 
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Battery of Cyanide 
Baths and Oil 
Quenching Fix- 
tures for Clutch 
Plates l'sed by 
Fordson Tractors. 
Tolerance is “flat 
to O01 in.” 


of course, makes it necessary for the Purchasing 
Department to keep the mills competitive in 
what they will offer. 

Type N steel is a low alloy which we use 
for carburized parts. It hardens uniformly but 
without as high core strength as Type A. At 


present its only use is in piston pins, 
Alloy Steels for Fatique Resistance 


Another interesting use has been as stay- 
bolts for the Detroit, Toledo & Ironton locomo- 
tives. Fatigue limit of wrought ferrous metals 
is proportional to the ultimate strength, and 
when staybolts function in such a way that 
fatigue is a most important factor, they have 
been almost exclusively made of wrought iron, 
but with heat treated N steel we can obtain 
twice the ultimate and elastic limit of wrought 
iron and with equal elongation and better re- 
duction of area, 

Another point that must be considered in 
staybolts is the ability to peen or rivet the ends. 
We have installations of these where the acety- 
lene flame is used for cutting. As this is a low 
carbon steel it does not harden to any extent. 
All these points were considered before select- 
ing this steel for staybolts, and the service ren- 
dered in the past several vears has proven the 


correctness of this reasoning. 
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BY C. HODGI 


Do IPMENT of welded 


joints suitable for heavy welded pressure ves- 
sels, the present widely extended use of welded 
pressure vessels in the oil and chemical indus- 
tries, and the still greater potential use of 
welded pressure vessels for the boiler industry, 
elevates any proposed specification for fusion 
welded pressure vessels to a place of great im- 
portance and interest. 

If 100°. efficiency is to be granted, it is 
immediately apparent that the joints must be at 
least equal in quality to the plate or base mate- 
rial from which the vessels are constructed. 
They should be free from gross defects such as 
cracks, porosity, slag inclusions, incomplete 
fusion, and should possess strength, ductility, 
resistance to failure by the application of sud- 
den stresses and resistance to repeated appli- 
cations of stress to the same degree as the base 
metal. The effect of corrosion fatigue further 
complicates the problem. 

And yet an examination of some of the spe- 
cifications for welded pressure vessels of the oil 
industry, the present largest users of welded 
vessels, would reveal that three or four pages 
are devoted to the requirements of the plate 
material while the requirements for the welded 
joints are massed together in three or four lines, 
usually confined to the statement that the ten- 
sile strength of the weld shall be not less than 
that of the plate! 

There are two general 
methods of writing a code or 
specification governing the 
quality of welded joints in 
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Abstract of Paper for 
Western Metal Congr ‘SS 


pressure vessels: One involves a procedure con 
trol — the setting down of rules governing in- 
numerable details of the welding process such 
as type of joint, current density, and acceptanc: 
tests of operators. While this method may cover 
certain fields of work, it can not be relied on to 
obtain the very best type of welding. An analogy 
would be a specification for plates, based on 
control of the steel making process, involving 
instructions as to additions of pig iron, ore, flux 
ing materials, ferro-alloys and so on. 

The second method of specification involves 
a testing procedure on the finished vessel. This 
method is the more logical one. We should not 
be so much concerned with how the welds are 
made as we should be interested in the quality 
of the joints produced by any process ot! 
technique. 

In a paper presented by the writer before 
the American Welding Society, September 1930. 
the following was offered as a fundamental 
basis of specifications which would guarante: 
satisfactory performance under severe oper 
ating conditions: 

1. The securing of welded test plates, which 
are obtained under conditions as near as poss! 
ble to the conditions under which the main 
welded joints in the pressure vessel are pro 
duced. The determination of the tensile prop 
erties, the ductility under bending, the impact 
values, the macro and micr: 
structural characteristics and 
the chemical analysis of th 
weld metal on specimens 0! 
tained from the above tes! 
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Welded Steel Drums 
for scout cruisers 
= 


plates. These properties must comply with the 
values of a rigid, yet reasonable, specification 
which will guarantee a high quality of weld 
metal. 

2. The exploration of the main longitudinal 
circumferential welded joints of the 
finished welded drums by an approved non- 
destructive test which would determine quan- 
titatively the size and location of a defect within 
the welded joint. 

3. The subjection of the completely welded 
drum or pressure vessel to a hydrostatic test 
pressure of some value considerably higher 
than the working pressure of the drum or vessel. 

In March, 1930, the Boiler Code Committee 
of the Mechanical Engineers “Proposed Specifi- 
cations for Fusion Welding of Drums or Shells 
of Power Boilers,” which were based on these 
fundamentals. Requirements are tabulated on 
page 42. In December, 1930, it also “Proposed 
Specifications for Fusion Welding on Untfired 
Pressure Vessels,” based on the earlier speci- 
fications proposed for power boilers. 

The first official recognition of these pro- 
posed specifications of the Boiler Code Com- 
mittee came with the adoption by the U.S. Navy 
of arc-welded construction for the joints of 
drums for 24 boilers now being built by the 
Babcock & Wilcox Co. for the new scout cruisers 
Minneapolis, New Orleans, and Astoria. The 
specifications governing the construction of 
these first fusion welded boiler drums were 
based on the original Boiler Code Committee 
specifications, as revised and amplified by the 
Bureau of Engineering, 
U.S. Navy. Principal re- 
quirements are also shown 
in the tabulation at the 
lop of the next page. 

We shall now proceed 
'o examine the workings 


lirst Boiler Drum for Navy 
Scout Cruisers After Longi- 
‘tudinal Seam Had Been 
Welded. Note plates at 
each end which have been 
welded as a part of the 
seam and from which test 
Specimens are to be cut 


vf such a specification, taking for example, the 
first of the welded boiler drums for the Navy. 

Welded Test Plates. Representative welded 
plates for test pieces are obtained by tack-weld- 
ing sample plates at the ends of the seam. Weld 
metal is deposited in the test plates at the same 
time and under the same conditions as the cor- 
responding longitudinal seam of the drum 
shell, as shown in the figure on page 41. The 
joint is of the single vee type. 

Tension Tests. Two types of tension speci 
mens are obtained, one to represent the joint 
(designated as a “transverse tension test speci 
men”), and the other to represent weld metal 
only (designated as a “longitudinal all-weld 
metal specimen”). 

For the transverse tension specimen it ts 
specified that on testing failure should occur in 
the boiler plate. If failure occurs in the weld 
metal or along the line of fusion, then the tensile 
strength shall not be less than the mean of the 
specified tensile range of the boiler plate used 

Tensile strength of the longitudinal all- 
weld-metal tension test must be equal to the 
mean of the tensile range of the plate, 65,000 
lb. per sq.in., and have 20° minimum elong: 
tion in 2 in. 

The actual value of the specimen from the 


first Navy drum was: 

Ultimate strength 66,500 Ib. per sq.in. 
Yield point 15,750 Ib. per sq.in. 
Proportional limit 30,000 Ib. per sq.in. 


Reduction of area ..ee 64.7% 


Elongation in 2 in. ..... 36.8% 
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Bend Tests. For 


determining the duc- p= 
tility the bend speci- 


men is transverse to Diate or Ba 


the welded joint, of the 
full thickness of the 
plate, and of rectangu- 
lar cross-section with 
width times the 
thickness of the plate. Fiongatic 59 
Ductility is expressed Bend test 4h 3 time 
as the per cent elonga- 
tion of the outside ‘ramogeneity lest Required 
fibers of weld metal 
during bending. The 
specimen must bend will beat 
cold under free bend- 025 man 
ing conditions, until | “0.06 men 
the least elongation mitted 


measured on the out- — ver 0.0008 


side fibers is A 
photograph of the 

specimen from the first 

Navy drum test plate is shown on page 43. The 
plate is 1 in. thick; it bent 190° to a radius of 
0.40 in. and the elongation is 52‘¢ in 1 in. 

A similar test in 5-in. plate broke in the 
plate when the elongation of the outside fibers 
of the weld metal had reached 30'¢. This 
statement is merely included to show that a sat- 
isfactory bend test could be made on a welded 
joint in a plate of this great thickness. 

Impact Tests. Three specimens are re- 
moved in such a manner that the impact resist- 
ance of the metal is obtained for the bottom, 
middle and top of the welded joint. These spec- 
imens must show an impact value of at least 
20 ft-lb. in 0.394-in. square Charpy impact speci- 
mens with keyhole notch. (National Metals 
Handbook, p. 447.) 

Macro and Microscopic Examination. 
is specified by the U.S. Navy that a section 
across the weld is to be polished and suitably 
etched and on macroscopic examination is to 
be free from evidence of incomplete fusion, 
laps, cracks, blowholes greater than !, in. in 
any dimension, and slag inclusions greater than 
‘, In. in any dimension, and of excessive poros- 
ity. The ratio of coarse-grained material to fine- 
grained material in the weld metal, as shown on 
page 44, must not be greater than 1 to 5. 
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COMPARISON OF SPECIFICATIONS FOR WELDED PRESSURE VESSELS 


| 
SCIONS | 
+ 
Dec. 193 Babcock 
arch ints In 
Dropased fer Wilco 
Welded roposed fer | Power Boilers | 
Sure vesse’s| nts in for Class B Weloe 
wer Boiler: Marine Plate 


It is also specified that photomicrographs 
shall be made showing typical structures of 
plate, zone between weld metal proper and 
plate, the line of fusion, and the structure of 
the weld metal. 

Specific Gravity Determinations. To guard 
against an excessive amount of porosity, spe 
cific gravity determinations of the weld meta! 
are made on two all-weld-metal specimens and 
these shall show a minimum value of 7.80. Solid 
rolled plate of 0.20 to 0.30° carbon possesses a 
specific gravity of 7.85. 

Chemical Analysis. A considerable amoun! 
of opposition to the inclusion of chemical re- 
quirements of the weld metal has been manr 
fest, vet it is apparent that a welding is in real 
itv a steel making process. A chemical analysis 
of the steel produced is therefore in order. The 
value of a chemical analysis when the physica! 
properties of the steel are also specified, is « 
‘ather debatable question, but in specifying th 
chemical analysis for the weld metal, welding 
specifications would only follow present a 
cepted practice in specifying steels. 

The effect of nitrogen on weld metal has 
not been well established, but all investigations 
point to the fact that a high nitrogen content 1» 
steel reduces its ductility. If a high nitroge! 
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ntent were common in our steels produced 

der present steel making processes, a limit 

ould certainly be placed in every steel specifi- 

ition. With welding processes we have condi- 

ons under which there is every possibility for 

high nitrogen content being present in the 
finished metal. Just what the maximum value 
for the limiting nitrogen content should be may 
be open to debate, but we feel that it should be 
kept as low as possible. 

It is admitted that the presence ‘of oxides in 
the deposited metal is vastly more significant 
than the presence of nitrogen. Yet apart from 
the difficulty of making accurate oxygen deter- 
minations by chemical analysis, the true signifi- 
cance of the value obtained is rather difficult to 
interpret. Oxides present as harmful oxides will 
vary depending upon the particular welding 
process; however, a low nitrogen content in the 
weld metal indicates good protection of the 
weld metal during deposition. A low FeO con- 
tent is often shown by a low nitrogen content. 

As an extremely practical effect of the im- 
portance of chemical analysis, the following 
data are presented to indicate that the resistance 
of weld metal to corrosion is closely related to 
its oxide and nitrogen content. (It is a well- 
known fact that the resistance to corrosion of 
weld metal deposited from ordinary bare elce- 
trodes is very much inferior to that of rolled 
and forged low-carbon steels.) An experimental 
welded joint in 5-in. plate was pickled in hot 
hydrochloric acid (1 to 1). Certain areas, most 
readily attacked by this treatment, were eaten 


out). in. below portions which have been but 


slightly affected. This remarkable difference in 
the rate of corrosion was investigated by chem- 
ical analysis and micro examination. 

Drillings were taken from the more soluble 
weld metal at positions C-1 and C-3, from the 
less soluble weld metal at C-2 and C-4, and from 


the base material. Chemical analyses are 


given below, wherein “residue” is weighed after 


SiO. volatilization: 


C-2 C-3 C-4 Pilate 
Corrosion High Low High Low Midway 
Carbon 0.05660 0.0706 0.0965 0.182% 
Manganese’ 0.20 0.32 0.23 0.33 0.67 
Silicon 0.06 0.08 0.07 0.05 0.009 
Residue 0.035 0.001 0.030 0.001 0.005 
Nitrogen 0.046 0.035 0.052 0.039 0.008 


Nitrogen in the readily corroded weld metal 
is over 30°. higher than in the less corroded 
portion. This indicates that it is at least a con- 
tributory cause. This, coupled with the often- 
times observed fact that a HCI solution of weld 
metal contains more insoluble residue in sam- 
ples subsequently proven to be high in nitrogen, 
leads to the belief that the comparatively easily 
determined nitrogen content gives an indica- 
tion of the degree of detrimental oxidation of 
the weld during deposition, 

Except for the appearance of nitride needles 
in the highly corroded zones, and the absence 


of nitride needles in the less corroded zones, no 


Welded Il-lnch Plate Bent Under Press Without 
Fracture. Angle of bend is 190 ; inside radius 
of bend is 04 in. and elongation of outside 

hers across weld is 


907 
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difference in the microstructure exists between 
the two zones. Although the average nitrogen 
content of the less corroded weld metal is 
0.037°°, no nitride needles are apparent. Evi- 
dently it is necessary to have 0.040 to 0.0457 be- 
fore the characteristic needles can be seen after 
the weld metal has been subjected to a stress- 
relieving treatment at 1200° F. 

Correlating the macro, micro and chemical 
examination of this weld (conditions which 
have been repeatedly verified), it is shown that 
the weld metal which is more readily attacked 
by hydrochloric acid shows the following char- 
acteristics : 

1. Microscope reveals nitride needles 

2. Nitrogen is higher by 30°C or more 

3. Less carbon, manganese and silicon 

4. Insoluble residue, remaining after vola- 
tilizing the silica in the silicon determination, 
is higher. 

All of the above conditions indicate that the 
deeply etched sections of the weld metal were 
deposited under less favorable conditions than 
the sections showing less corrosion, and that ex- 
cessive atmospheric contamination occurred. 

I have dwelt at some length on the chemical 
analysis of the weld metal, not because of its 
greater importance than the physical require- 
ments, but because of the tendency to under- 
estimate its importance. 

Non-destructive Test. In the past it has 
been repeatedly stated that the development of 
a suitable non-destructive test for the examina- 
tion of welded joints in the finished welded 
pressure vessel would dispel all doubts in the 
minds of engineers regarding the satisfactory 


44 


of nitride needles in the less corroded zones, | 
performance of welded vessels. A suitable tec}, 
nique has been developed, and all of the pr 
posed specifications shown in the table includ, 
\-ray examination of welded seams. This 
method of non-destructive testing is able to d 
termine quantitatively the size of a defect when 
its thickness is greater than 2° of the thickness 
of the plate. 

Radiographic prints of the joint unde: 
study are compared with a set of standard 
radiographs, selected to show varying degrees 
of weld metal qualities. Both the specifications 
of the U.S. Navy and the specifications for the 
fusion welding of unfired pressure vessels pro 
posed by the Code Committee in Dec. 1930, use 
the five radiographic prints reproduced on page 
1 as standards for comparison. 

While porosity is readily indicated in a 
radiograph, the degree of porosity is more read 
ily controlled by the specific gravity determina 
tions, Which express porosity numerically. 

The most important function of X-ray de 
termination is the detection of defects of typ: 
No. 4, consisting of slag inclusions or cavities 
extending longitudinally along the walls of the 
joint and being of a very dangerous type. No 
» is used to illustrate the presence of an isolated 
defect of this type, which under the specifica 
tion is limited 44 the thickness of the plate, and 
which must be more than twice the thickness 
of the plate from any other defect of this type 

Typical radiographs of the longitudinal 
seam of the first welded boiler drum for the 
U.S. Navy correspond to Type 1. 

Stress Relieving at 1200° F. is required by 
the specification, and the need for its in 
clusion is obvious. 

Hydrostatic Test. Although not 
specified because of its destructive na 
ture, a severe hydrostatic test was given 
a welded drum, built according to the 
specifications adopted by the Bureau o! 


Relative Area of Coarse-Grained and Fine- 

Grained Zones in Weld Metal Is Held to a 

Minimum. At 100 diameters the coarse- 

grained area has a columnar structure 

whereas the fine-grained has recrystallized 
into equi-axed particles 


METAL PROGRES 


* 
at 
$ 
| A 
1. 
ube 
| 
4 


tyvineers, U.S. Navy. It was 47 in. out- 

ie diameter, and 14 ft. long overall, 

ide of 1-in. plate. It possessed one longi- 
odinal welded seam and two circumfer- 
-yptial welded seams attaching the heads to 
‘he shell. All excess weld metal had been 
chipped and ground off flash with the 
plates. During the hydrostatic test the 
drum was subjected 14 times to a pressure 
of 2,830 lb. per sq.in., the pressure in each 
case being raised from zero. The drum 
did not rupture under these large over 
loads, although it expanded in circumfer- 
ence from 148 in. to 162 in. 

Based on a factor of safety of five and 
considering that the plate material had an 
ultimate tensile strength of 55,000 Ib. per 
sq.in., the formulas of the A.S.M.E. boiler 
code show that the working pressure of the 
shell is 489 lb. per sq.in., and the working 
pressure of the manhead is 487 Ib. per 
sq.in. Assuming that the yield point of the 
plate material was 33,000 Ib. per sq.in. the 
pressure at which the yield point of the 
shell was reached was 1,021 Ib. per sq.in. 
rhe above maximum test pressure of 2,850 
lb. per sq.in. corresponds to a maximum 
hoop stress in the shell of 63,450 Ib. per 
sq.in., based on the original diameter of the 
shell, or 69,864 lb. per sq.in. figured on its 
final diameter. 

Conclusions. This paper has indicated 
the present tendency toward specifications, 
based not upon control of the welding proc- 
ess but upon testing the welded product. 
resting procedure is based upon three fun- 
damentals: 

1. Determination of the physical and 
chemical properties of representative sam- 
ple welds 

2. Non-destructive examination of the 
welded seams by X-ray 

4. Hydrostatic testing of the finished 
welded vessels. 

The nature of these specifications indi- 
ates that the quality is no longer depend- 
nt upon the skill of individual operators 
‘nd numerous other variables, but may be 

roven by scientific tests, which leave no 
‘oubt as to the successful performance of 


vessel. 
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Radiograph Type Excellent or [deal Weld. 


Weld meta/ 


Radiograph lype2. Porous but Acceptable. 


1 
Radiograph Type 3. Porous and Not Acceptable. 
= 


Radiograph Type 5. Defect Along Wallof Joint. Acceptable — 
if length of defect is less than $thickness of plate and is 
distant more than twice thickness of plate rom enother 


4a* 


~*~ 
het 
> 
are 
Radiograph lype 4. Defect Along Wall of Joint. Not Acceptable. an 
> 
~ 
it 
= 


~ 


¥ 
| 


a Photo by Brenza Studios for Cleveland Worm & Gear Co 


Gear 


BY FRED C. RAAB 


of the stand- 
irdized tensile and hardness tests on steels and 
alloys becomes increasingly difficult as the ma- 
chine parts for which the metal is intended in- 
crease In complexity. The conventional tests 
mentioned are invaluable to verify the uniform 
quality of the raw material, and our inspection 
tests were described at length in an article in 
Merat ProGress last December. But it does not 
follow, for instance, that one steel will make a 
better gear than another steel because the newly 
proposed one has a higher ultimate strength or 
elastic limit in the condition as received from 
the mill. 

Consequently, metallurgists in the auto- 
motive industry have given much thought to 
would 
nearly the comparative excellence of steels and 


specialized tests which indicate more 
of variations in heat treatment of a single steel 
tests which have a close relationship to the 
ictual duty in the part. For instance, a pinion 
gear tooth in an automobile differential must 
esist a combination of wear, repeated impact, 
‘atic crushing and bending. What test or tests 
in be devised to indicate excellence of mate- 
il for such duty, short of putting the gears into 
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festiac Fixtures 


a car and running it 50,000 miles? Stresses in a 
crankshaft, running at high speed, are impos 
sible to compute exactly. How can the engineer 
be sure that the design is not too highly refined”? 

Even though they recognized that service 
in a car is the only conclusive test of excellence 
of an automobile differential, the engineering 
and metallurgical departments of the Brown- 
Lipe and the Brown-Lipe-Chapin companies in 
Syracuse, N. Y., have designed some special 
fixtures for short-time tests on finished gears. 
A description of them as they are now in use by 
Brown-Lipe-Chapin will doubtless be suggestive 


to men in other manufacturing lines, who are 


searching for means of interpreting variations oS 


in shop practice. 
For instance, the testing equipment which 
is about to be described has not only been used 
to great advantage in commercial research on 
the improvement of the product, but also as an a 
If, for 


any reason, work in process becomes suspect, ane 


additional form of routine inspection. 


a few samples can be finished and put through ‘t 
these special tests, and if they fail to give satis- 

the the lot 
scrapped without further waste of labor, or the 


factory results, rest’ of can be 
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manufacturing routine so modified as to sal- 
vage them. 

Most gears wear out, rather than break. 
Consequently, a wear test should be best. But, 
as is well known, this variety of test is quite dif- 
ficult to conduct, and depends primarily upon 
whether the rubbing surfaces are properly lu- 
bricated. Furthermore, in order to get the 
results of duplicate tests to check within reason- 
able limits, the gear teeth must be cut with 


highest accuracy. 
Hardest Gears Wear Longest 


This problem of wear testing is one which 
is more mechanical than metallurgical, and can 
be passed for the time being, but it may be men- 
tioned in passing that the prime requirement of 
a gear tooth is hardness, to resist wear. It has, 
therefore, become practically standard practice 
to make automobile differentials of carburized 
steel, heat treated file hard. If there were a 


ready means of comparing the relative hard. 
ness of surfaces which a sharp file cannot touc)h, 
it might be possible to progress faster with this 
problem of wear resistance. 

In a carburized gear the condition of t), 
core is responsible for the physical properties 
desired in a tooth, with the exception of wear 
The core must be strong enough to hold thy 
hard brittle wearing surface up to its work. | 
must be strong and stiff enough to carry thy 
loads without undue deflection, and tough 
enough to absorb the impacts of engine com- 
pression and acceleration. In view of thes« 
requirements, the specialized tests for gears in 
use at Brown-Lipe-Chapin are designed to check 
up the ability of the core of a finished and hard 
ened gear to stand up to its expected loads. 

Briefly, the devices in use are fixtures 
whereby the gear or pinion is held rigidly in 
such a manner that a static load or series of im 
pacts can be placed on a single tooth, and th: 
resulting deflections measured. 

Equipment to test a pinion is a stee! 
block with a hole drilled at proper slop: 
and diameter for the shaft of the pinion 


i, A complete set-up is shown in the view 
" on this page. Heavy set screws are 
y driven through either side of the stee! 
7 block to grip the flat shanks on the gear 
i. shaft, and hold it in place. However. 
¥ the main resistance to rotation of the 
4 pinion, when under test load, is offered 


by a section cut from a mating ring gear 
and bolted to the bottom shelf of the 
block. 

Prior to mounting the pinion rigidly) 
in this manner, one tooth is cut out, in 
order that the punch may rest squarely 
on the tooth to be tested. This punch is 
made of a 1.25° carbon tool steel con 
taining 3.5 tungsten, 0.5 silicon, 0.55 


A Pinion Is Fixed in a Steel Block ane 

Prevented From Turning by Placing « 

Gear Segment in Mesh and Bolting to th 

Bottom Shelf. A load is then placed on 

one tooth by the round punch. Movemen'! 

of the tooth is measured by lever arms and 
Starrett dial 
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,ad-Deflection Diagrams 


With Fixture Shown 
» Opposite Page. Group 


| 
to 24,9008 


vu left indicates gears with 20,000 
wif teeth; at right are 
curves which deflect and 
acquire permanent set at 
lower load. The only dif- 16,000-- 
ference between the two 
sroups is the hardening 
treatment 


S 
Ss 


| 
| 
Static Load on Tooth, pounds 


4000+ 


manganese and 0.15 chromium, heat treated to 
maximum hardness and drawn to Rockwell C50. 
lt is round cross-section with a generous key- 
way, and operates through a slide with mini- 
mum clearance so there is no possibility of 
rotation while under load. The lower end is 
shaped very carefully to give an exact bearing 
on the tooth, at the desired position and of cor- 
rect dimension. It is also held down by a 
spring, so it will not bounce away from the 
tooth in the impact test. 
To measure deflections of the tooth the bent 
bar shown in the view is rigidly fixed by a 
species of C-clamp to a pair of teeth on the op- 
posite side of the pinion from the tooth which 
is being tested. At its outer end is aflixed a 
Starrett dial, a fulcrum and a rocker arm, the 
outer end of which presses against the dial 
mechanism and the inner end of which touches 
‘ec under side of the tooth which bears the load. 
Such a set-up is placed on the bed of a 
‘andard testing machine and the head run 
wn until it comes in contact with the top of 
punch. Enough load is placed on the tooth 
‘ause it to deflect 0.001 in. (as measured on 
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the dial). Load is then released, all bolts on the 
fixture tightened, the dial set to zero, and then 
loads placed on the tooth by increments of 
2,000 Ib. Each load is released in turn, and the 
process continued until the tooth is sheared off. 

Data as shown on the curves are thus se 
cured on the elastic properties of the tooth, re 
garded as a beam in bending. The extension of 
this curve shows the plastic deformation of the 
tooth up to the time of fracture. As before 
mentioned, the punch is very carefully made to 
place the load on the tooth in a band across the 
face of the tooth at practically the same place 
where it would come in a perfectly developed 
pair of mating gears. If this point were neg 
lected, or if there were any play in the punch, 
the results of such a test would be valueless. 
Clearly if one tooth were loaded further from 
the root than another, the deflections under 
load would be quite different. 

When loading is correctly placed, the elastic 
curves of the teeth of given dimension are ap- 
proximately equivalent. This is because the 
modulus of elasticity of steel does not change 


materially by composition or heat treatments 
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The curve of plastic deformation (that is, the curve 
which shows the amount of permanent set at over- 
loads) is characteristic of the design of the tooth 
and the strength and toughness of the metal which 
it contains. Obviously a tooth which deflects little 
for large overload, like the left-hand curve in the 
figure, is superior to the other one which is more 
plastic. 

Curves show that results are reproducible with 
satisfactory accuracy. All eight gears were cut on 
the same machine set-up and are identical in size 
and shape. All were carburized in production in 
one pot. The four with the high elastic limit 
were given a single treatment (a soak at 1,440° F. 
for 45 min.). The other four were given a double 
treatment. The single-treated gear will not acquire 
a permanent set until a tooth is loaded beyond about 
18,000 Ib. The double-treated gear is deformed at 
14,000 Ib. 

A fixture such as the one described must be 
made very accurately in order to give satisfactory 
results. A certain amount of interchangeability is 
possible; that is, it is unnecessary to build a complete 
fixture for every variation in design. The main steel 
block will serve for all pinions of the same shaft 
diameter. Appropriate gear sections would be bolted 
on for various tooth ratios, and the punch would be 
adapted to the form of tooth and type of loading. 


Impact Testing Machine 


Impact tests are also made by the metallurgical 
department, Brown-Lipe-Chapin, with the aid of 
such a fixture. (Whether a gear tooth in an auto- 
mobile differential is subject to impact, and whether 
impact tests really mean much, has been discussed 
for some time. The question is not so academic as 
might be supposed, in these days when new designs 
are put into cars enabling the driver to shift to low 
gear when the car is coasting at high speed. Cer- 
tainly the differential receives a load approximating 
“impact” when a high compression motor suddenly 
brakes the car.) 

For impact tests the machine illustrated on this 
page is used. It has a 25-lb. trip which, on falling, 
strikes the punch and the blow is thus transferred 
to the tooth. The release trigger can be set at any 
height. A small motor is used to lift the weight and 
the trigger has an odometer which counts the num- 
ber of blows delivered. 

A test on a drive pinion would require the first 
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-s to be delivered from a 2-ft. drop (950 ft- 
lhe punch would have, say, a '»Xx!'4-in. con- 
with the tooth on the central section of the 


erse side of the tooth. This area of contact is 

) reduced from that of the static test, and 
vives information on another important point; 
viz. the crushing strength of case and core. 
\s each blow falls, the tooth is closely ob- 
served through a reading glass and when the 
first erack appears, the number of the blow 
s noted. The hammering is then continued 
mtil the whole tooth bulges downward a defi- 
nite amount. The two views below show the 
results. Other things being equal, a gear which 
shows the highest resistance to this type of over- 
load would be best suited for carrying the ex- 
cessively high tooth pressures at which modern 
trucks and high speed cars operate. 

Ultimate strength of a gear tooth under im- 
pact would be determined in much the same 
manner. On large teeth the trip would be 
dropped from 6 ft. (instead of 2 ft. for the pin- 
ion) thus delivering a blow of 150 ft-lb. The 
punch would have a ,,X1%,-in. bearing, starting 
, in. from toe and extending to the heel of the 
tooth. Number of blows to crack the tooth 
would be noted, as well as the number to break 
the tooth away. 

Considerable variation may be found in 
the number of blows to produce the first crack 
in a series of teeth on the same gear, or in suc- 
essive gears from the same lot. This may de- 
pend on the presence of a small amount of 
excess cementite in the case, a small slag streak 
in the steel or a tool mark on the surface all 
of which will cause concentration of rapidly 
applied stresses. It also doubtless reflects a cer- 


tain lack of uniformity in heat treatment, tooth 
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to tooth, and gear to gear. Planes of structural 
weakness associated with ferrite banding have 
also been associated with erratic impact figures. 
Discovery of this condition has led to a simple 
change in heat treatment routine which has 
greatly increased the degree of uniformity of 
the product namely, give a longer soak, say 
'. hr. at about 1,475° F. in order to distribute 


the carbon more uniformly in the steel. 
Improvement in Quality of Gears 


lo indicate how these tests are used to 
determine the relative excellence of gears, some 
results may be taken from a series of tests on 
two steel analyses, submitted to a variety of 
treatments. The treatment used on the 5% 
nickel steel pinions tested, consisted of carbu 
rizing at 1,650) F.; quenching from the pot in 
an open tank of cold oil; reheating to 1,380° F.; 
soaking for 15 min., quench in oil, and draw in 
oil at 300° F. for 10 min. The treatment used 
for this particular pinion when made of 312% 
nickel steel was to carburize at 1,650° F., cool 
in the pot, reheat to 1,475 F., soak for 15 min., 
quench in an open tank of cold oil, and finally 
draw in oil at 850° F. for 12 min. Results of the 
physical tests on the completed pinions follow 


Nisteel 3'2° Nisteel 


Depth of case 0.06 in 0.06 in 
50 ft-lb. blows 

For first crack 275 8 

To bulge tooth 1506 150 
150 ft-lb. blows 

For first crack 23 1 

To break tooth 91 31 


Static, ultimate load 18,000 Ib. 40,000 Ib. 

The superiority indicated by these tests tor 
this truck pinion made of 5‘: nickel steel has 
heen amply verified in later service of the sever 
est and roughest nature. 

The fixture for imposing similar 
tests on ring gears is shown on page 52, 
and consists of a block of steel with a 
face inclined at the correct angle so 


that the surface of the tooth under test 


Appearance of Pinion, Tested in Im- 
pact, Until First Crack Appears on Un- 
der Side of Tooth, and Until Case Is 
Punched Into Backing a Standard 
Amount 
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is approximately horizontal. To fix the gear 
in this position a binding bar made of S.A.E. 
3340 steel is bolted across the face. This bind- 
ing bar, although smooth on its outer surface, 
has a series of teeth cut on its inner face which 
mesh closely with five or six of the teeth on 


the gear. 


Ring Gear Mounted in Testing Fixture, and 
With Punch in Place for Transmitting Load 
to One Tooth. The binding bar, bolted across 
the front, has teeth cut on its rear face which 
mesh with the gear and prevent it 
from turning 


Cutting these teeth on the binding bar is a 
job which tests the skill of the best toolmaker. 
Brown-Lipe-Chapin is exclusively a differential 
producer, and nearly all of it is spiral bevel 
gearing “on centers.” Teeth on the binding bar 
are teeth of a hypothetical rack which would 
be driven by the spiral teeth on the bevel gear. 

Slow testing under gradually increasing 
static load (to determine the elastic strength of 
the design), impact tests on a small area of the 
tooth (to determine the crushing strength of the 
case and core), and impact tests on a whole 
tooth (to determine its ability to resist shock) 
may all be made on a gear when mounted in 


this fixture, and placed in an Olsen tension r),- 
chine (running in compression), or in the sje. 
cial drop testing machine already described 
As a type of the information secured, take {), 
following data indicating the difference in qual. 
ity in older gears forged from a plate or sla} 
(with parallel flow lines or “fiber” across the 
face of the gear) and more recent gears forged 


by the “pancake” or upsetting method, wher 
the flow lines are bent out from a common cen 
ter and are properly disposed in each toot); 
Both gears (which may be taken as representa 
tive of the type) were made of 3146 nickel steel, 
‘arburized at 1,600° F., cooled in the pot, re 
heated at 1,440° F. for 60 min. and quenched in 
oil. In each instance, tooth A was one quarter 
around the circumference from tooth B. 


T 


[ Slab Gears Pancake Geer 


| Number of 62 ft-lb. blows to crack | 
Tooth A | 06 | 7 | 69 
Tooth B | 
| load to break tooth | 2265016 23.5501) 19. 520 18, 250) 


Note particularly the wide variation in im- 
pact strength of teeth at various parts on thx 
ring when made of slabs, and the much mor 
uniform strength when made of upset bars. 

It is admitted that the results must be inter 
preted with great care. Unless the fixture itsel! 
is most accurately made, the gear held in it with 
great rigidity, and the punch which transmits 
the blow placed on the exact spot on the tooth, 
the results will be erratic even when testing 
successive teeth on a gear which service records 
indicate is of superfine quality. Even when 
these mechanical precautions are taken car 
of, the results do not duplicate themselves will 
suflicient precision that conclusions can lx 
drawn from minor variations in the test results 
However, experience has amply demonstrated 
that a change in heat treatment, composition o! 
design (which to the uninitiated might be 
thought to be of minor consequence) will mak« 
an unmistakable change in the numerical r* 
sults. Furthermore, much valuable informa 
tion can be secured of a qualitative nature, 
garding the gear tooth which, though battered 
by a number of standardized blows, is. stil! 
cracked the least and remains in the best shay 
The way the tooth breaks down under thes 


tests gives much valuable information. 
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Cemented 


Tantalum Carbide 


Box TIMES in the past thirty 
vears has the metal working world been intro- 
duced to new tool materials—probably as many 
is in the previous three centuries, so rapidly do 
we travel! First, the Taylor-White method of 
hardening high speed steel, then stellite, then 
cobalt-bearing high speed steel, and finally ce- 
mented carbides have successively established 
themselves as superior tools for definite pur- 
poses in mass production. 

A recent addition to the last category is 
known as “ramet”: hard and brittle tantalum 
carbide bonded with strong and ductile nickel. 
Karly performance tests indicate its adaptabil- 
ity for high speed tools to cut hard-to-cut metals 
ind the tough and abrasive fibers and synthetic 
plastics. It has been perfected by Fansteel 
Products Co., Nerth Chicago, IIL, after some 15 
years of experience in the manufacture and fab- 
rication of rare metals and their alloys and 
compounds. 

Cutting tools of cemented carbide were 
lirst made by Fansteel in 1915 and were used 
in place of diamonds for turning bakelite. The 
commercial possibilities of this development 
were pushed aside, however, because War de- 
mands for metallic tungsten and the other rare 
metal products occupied the available men and 
chergy. After the War Dr. Clarence W. Balke, 


iead of the research laboratories, again turned 
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his attention to tantalum and in 1922 he was 
able to produce pure, ductile tantalum on a 
commercial basis, as described by Meta. Proc- 
ress for last December. Commercial manu- 
facture of tantalum carbide cutting tools was 
the result of further research into the charac 
teristics of this unusual metal. 

Tantalum carbide has a much higher melt- 
ing point than tungsten carbide, the hard ele- 
ment of most of the other new tools of this class 
recently exploited. The approximate tempera- 
tures are 4,400 and 2,700° C. respectively. An- 
other characteristic of tantalum carbide is its 
very low heat conductivity, estimated at about 
14 that of tungsten carbide. The first charac- 
teristic enables considerable leeway in manu 
facture of the material ramet, and the latter 
prevents heat from being drawn back from the 
cutting tip to soften the brazing which joins the 
molded carbide to the tool shank. 

Tantalum carbide cemented with nickel has 
a vellowish color, a density of 235 grams per 
cu.in., and a hardness of 89.5 to 90.5 read from 
the Rockwell C scale with no load. (If the dia- 
mond is pressed into such hard specimens under 
more than the “no-load” weight of 60 kg., the 
diamond indenter is liable to break.) 

Manufacturing operations include the re- 
duction of pure tantalum from the ore, as de- 
scribed in the former article. Carbide produc- 
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tion is the next step, after which this material is 
ground to the consistency of lampblack in ball 
mills. The correct amount of pure nickel is added 
during the grinding process so that the grains of 
the final powder will be properly coated with this 
binding material. The amount of nickel varies 
with the purpose for which this tool is intended; 
about 8‘: is the most usual proportion. 

The ground mass is then molded into shape 
and heat treated, following which it is pressed into 
final form hydraulically, due allowance being 
made at this stage for the shrinkage caused by the 
electric-furnace sintering which follows. Fansteel 
Products Co. then delivers these molded and sin- 
tered shapes of ramet to licensed tool manufac- 
turers or to tool users equipped to make the neces- 
sary mounts. The price is competitive with thal 
of cemented tungsten carbide. 

It is impracticable to braze, weld or solder ce- 
mented tantalum carbide directly to steel tool 
shanks. The tool tips are therefore nickel plated 
and given a special heat treatment by the manu- 
facturer. They can then be brazed to shanks, 
using pure copper in a reducing atmosphere. (A 
mixture of hydrogen and nitrogen is usually used 
for this operation, better termed “coppering” than 
“brazing,” since copper rather than brass is the 
weld metal.) 

In both laboratory and commercial tests, tools 
tipped with cemented tantalum carbide have 
rapidly and efficiently cut such time-honored bug- 
bears of cutting tools as Hadfield’s manganese 
steel, white cast iron, die cast aluminum, dura- 
lumin, bakelite and various bronzes. A satisfac- 
tory procedure is to maintain the feed previously 
established for other cutting materials, but to in- 
crease the speed. On some work it is possible to 
increase both the speed and feed. The life be- 
tween grinds is stated to be at least equal to that 
of tungsten carbide tools. 

In one of these tests a ramet lathe tool was 
tried by a machine tool builder in a new turret 
lathe built especially for heavy duty, high speed 
work. A 3-in. bar of annealed S.A.E. 1050 steel 
was turned down to 2 in. in a single cut. The 
speed was 170 ft. per min. with the feed 0.020 in. 
The cut, of course, was '» in. In this test the lathe 
developed 37!2 hp. The tool turned down 100 ft. 
of this material and at the end of the run was 
pronounced in good condition, despite the fact 
that it was worked two and a half times faster 
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Stage Ring for Vacuum Pump, a Semi- 
Steel Casting. Faced and Bored With 
Ramet-Tipped Tool. Other parts of 
same pump shown at bottom of opposite 
page. Despite the intermittent cut, the 
tool removes 5/32 in. of metal and 
finishes in one cut 
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conventional speeds for high-speed tools. 
In service the value of low thermal conduc- 
ity becomes apparent. The tool does not 
it up so fast. Ramet tools can therefore be 


-signed with stronger cutting angles, and there 


is little possibility that the heat of operation will 
soften the brazing which fastens the tip to the 
shank. 


noticed even after severe tests, and they should 


Very little expansion in tools has been 


maintain correspondingly close tolerances in 


parts cut at high production speeds. 
Tools Used on Intermittent Cuts 


Gear hobs of quenched high speed steel 
have been efficiently turned, which indicates its 
ability to withstand intermittent cuts. The tools 
used for this work had a 10‘ negative rake. 

In another test, a bar of high-manganese 


cast steel was put on a small and not very mod- 


Taking 5 8 In. of Scale and 
Metal In One Cut From a 
Chill For 33-Inch Car 
Wheel Mold 
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ern lathe with its surface as cast, without pre- 
liminary grinding. Several drills were dulled 
before the “non-machinable” steel could be cen- 
tered. The machine was then run at 135 ft. per 
min. and was set to feed 0.005 in. No lubricant 
was used on the tool, which made an ',-in. cut 
At the end of the 


run, the tool shank was found to be cool enough 


along the length of the bar. 


to grasp in the hand and the tip was not too hot 
to touch. 

This coolness, due chiefly to the low ther- 
mal conductivity, should have several important 
effects. First, the chip should not stick to the 
tip, alloy to it, and build up in a ridge, as has 
been frequently noticed in high speed cutting 
experiments. Second, failure of the braze by 
softening from heat will be less frequent, if not 
altogether eliminated. Third, tools with smaller 


inserts or tips can be made than if the tip were 


a better heat conductor. 


A lower amount of nickel used for bonding 
the tantalum carbide makes for a harder tool, 
but it then becomes harder to grind and dress 
and loses some strength. Wire dies may be 
made of harder mixtures than cutting tools be- 
cause they are lapped and ground with diamond 
dust and are not subject to the stresses of ma- 
chine tool operation. Consequently special mix- 


tures of carbide and nickel can be used. 
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© rises are found in most me- 


chanical devices and most of our comforts de- 
pend on their efficient performance. To these 
millions of unseen, often unknown, springs, 
whose eflicient service usually outlasts all other 
parts of the mechanism, no one pays any at- 
tention unless one breaks. When someone starts 
investigating he will find that information about 
springs and spring performance is not very 
widespread. It will therefore be the purpose of 
this article to outline briefly the causes of failure 
which may be looked into, and point out ways 
to obtain better springs for difficult services. 
Spring failures may be due to three general 
causes: First, poor engineering design; second, 
poor material, or faulty heat treatment of good 
material; and third, use of the wrong kind of 
material to withstand the service conditions. 
Engineering Design. It may come as a 
shock to the reader, but the truth remains that 
the average engineer does not bother to calcu- 
late the stresses in the springs he orders. He 
will carefully study the loads and induced mo- 
ments on a shaft or axle, and compare the re- 
sults with similar determinations for designs 
which have proved satisfactory and some which 
have given trouble, but when he selects a spring 
for even an essential mechanism, he is content 
to turn to tables in a handbook. The unfor- 
tunate part of it is that most of the handbook 
tables are calculated on the basis of 80,000 to 
120,000 Ib. per sq.in. fiber stress. Now this is 
too high a working load for a steel part of in- 
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definite life. It actually is above the endurance 
limit of nearly all steels. The consequence is 
that a spring, so stressed, will fail after a few 
thousand or few hundred thousand cycles of 
load, where millions were desired. All too of 
ten the space allotted is so meager that it is 
next to impossible to install a new spring of 
sufficient strength. 

These preliminary remarks serve to intro 
duce and justify the first statement: 

The commonest cause of trouble’ with 
springs is overloading. 

It is a common cause of trouble because, 
as mentioned above, few engineers give the in 
telligent design to springs that is bestowed on 
the other machine elements. So the first thing 
for the trouble shooter to investigate is the 
stresses set up in the spring during its operation 
His method of operation may best be described 
by assuming a common example and following 
through. 

Let us assume that trouble is being had with 
a compression spring made of round wire. Its 
ends are squared and ground. It is a typical! 
valve spring, such as shown standing, at the left 
of the cut on the opposite page. If some un 
broken samples are available, it is easy to weig!) 
the loads required to compress them to thei! 
working lengths. A very simple relationship 
exists between the load, the diameter of the coi! 
the diameter of the wire (which can all be easil) 
measured) and the internal shearing stress |! 
the steel, which, if too large, will cause rap! 
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‘down of the part. Consequently, the in- 
iwator can determine at once whether the 
ng is overloaded. 

Stress per pound of load is found by divid- 
the pitch diameter of the spring by the cube 
the wire diameter, and multiplying the quo- 


tient by the constant 2.55. Simple enough! 
Suppose the spring under examination is 
made of 0.06-in. steel wire (d—0.06) and the 
outside diameter is 1.10 in. Its pitch diameter 
) is the outside diameter of the spring minus 
the diameter of the wire, or 1.04 in. The rela- 
tionship given in words just now may be ex- 
pressed in a formula; substituting the values 
for the problem in hand and solving, we have 


the unit stress 


0.06x0.06x 0.06 


which is the stress induced in 
this spring per pound of load. 
lf it carries 2 lb. its internal 
shearing stress will amount to 
21,600 Ib. per sq.in., 3 Ib., 36,900, 
and so on. Obviously, the load 
must not be too great, else the 
elastic limit will be exceeded, 
ind then the spring will break 
before long. Safe values will 
be given later. The present 
purpose is to show how easily 
an experimenter can compute 
the stresses in a spring for any 
given load. 

If it is not convenient to 
proceed as above outlined and 
the working dimensions of the 
spring are known, the equiva- 
lent loads can be computed 
by another formula, and from 
these loads the internal stresses 
can be calculated as indicated 
ihove. The load to compress a 
helical spring one inch is found 
by multiplying one-eighth of the modulus of 
‘lasticity in shear by the fourth power of the 
‘ire diameter and dividing this figure by the 
product of the number of coils by the cube of 
ve pitch diameter of the spring. 

Assume that the free length of the spring 

der investigation is 0.69 in. and the run of 
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12. 500 /b.per s9.in. 


the helix is 0.30 in. Dividing one by the other 
gives the number of coils N, or 2.3. Expressed 
in a formula, substituting the measured values 


and solving, we have the unit load 


which is the load required to compress this 
spring one inch. 

According to the measurements, the spring's 
length in operation varies between 0.56 and 0.25 
in. The compression is therefore the difference 
between those figures and the free length, 0.69 
in.; that is to say, 0.13 in. and 0.44 in. respec- 
tively. The loads required for these deflections 
are directly proportional to the load just figured 
and are equal to 7.2x0.13 and 7.2x044 or 0.94 Ib. 


and 3.17 lb. respectively. The working stresses 
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in the spring (figured above at 12,500 Ib. per 
sq.in. for each pound of load) therefore vary 
between the limits of 12,300x0.94 and 12,300x 
3.17, or 11,500 and 39,000 Ib. per sq-in. 

These are quite moderate stresses for a 
well-made steel spring, and if trouble is encoun- 


tered in service, then the cause is elsewhere 
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Safe stresses for helical compression or 
tension springs made of wire less than “x, in. 
diameter are given below. 

Even these stresses should be used with 
The smaller the stress range, the 
Where 
should be designed so the stress range is not 


discretion. 
safer the spring. possible, springs 
over one-half to one-third the maximum work- 
ing stress. For example, a tempered wire spring, 
whose stresses range between 25,000 and 60,000 
lb. per sq.in., should give many millions of load 
applications, whereas the same spring operating 
from 5,000 to 60,000 Ib. per sq.in. would be dan- 
gerously near the fatigue limit. These state- 
ments are contingent on the spring working 
under non-corrosive conditions. There is no 
surety of spring life if the springs corrode, be- 
cause the highest stresses are at the surface, 
just where corrosion sets up the greatest troubles 
with its pitting and notching (“stress raisers”, as 
they are called by Prof. H. F. Moore). 

The 1-in. spring whose stresses were calcu- 


lated in the above example should be all right 


if made of hard drawn spring wire. The rang 
of working stresses on this spring (11,500 to 
39,000 Ib. per sq.in.) is well within the maximum 
noted in the table at the bottom of this page 
for hard drawn spring wire. 

It is well to recall, however, that rather 
small dimensional changes in a spring may 
have unexpectedly large results in the internal 
stresses and the resulting service. 

The mathematical equations already given 
obviously make no allowance for any variation 
in size or quality. Commercial limits on thy 
diameter of tempered wire are plus or minus 
0.0015 in. 


of which depends on the other dimensions of! 


This introduces an error, the valu 
the particular spring in question. Furthermore. 
in coiling springs from commercial wire there 
is often a difference in the outside diameter, 
even when made of the same coil of wire. This 
is due to variations in tensile strength and 
elastic limit of the raw material with conse 
quent variations in the amount the spring will 
recoil or unwind when released from the arbor. 
In cheap wires this variation 


will often be ,4 in. in a spring 


| Meximum | Meximum Modulus of Elasticity 1 in. in outside diameter. Thy 
Material | Working Stress | Solid Stress | in Shear Ait dis die ta 
| LbperSgdn. | LbperSg.tn. Lbper 5q.Jn SIS 
| Stee/ music wire 60,000 to 70,000 | 110,000 to 120,000 /1, 500,000 Me ; 
| Oil-tempered wire 50,000 to 60,000 | 80,000 to 100,000 | 11,500,000 if the springs must be ex 
| 


40,000 to 50,000 
25,000 to 35,000 
5,000 to 55,000 
20,000 to 25,000 


60,000 to 80,000 | 

60,000 to 70,000 

60,000 to 70,000 
| 40,000 to 50,000 


Hard drawn spring wire 
Mone/ metal 

Phosphor bronze 
Spring brass 


11,500,000 
9,200,000 
6,250,000 
5, 500,000 


tremely accurate, only the bes! 
materials obtainable may | 


used and the producer mus! 
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throwing out a good proportion of the regular 
production, This costs money. 

As an indication of the magnitude of such 
commercial variations in an inexpensive spring, 
the compression spring first described may be 
recomputed. The wire may be 0.063 instead of 
0.06 in., the spring diameter 1.07 instead of 1.10, 
its number of coils 2.2 instead of 2.3, and the 
compression ranges through a cycle between 
0.16 and O47 in. 

The stress range for this spring is now 
11.500 to 42,800 Ib. per sq.in. and it can be seen 
that the small changes in dimension of the 
spring occurring in commercial production have 
increased the maximum stress 10°. If the 
spring were designed to work near its endurance 
limit, the commercial variations in manufac- 
ture would produce many springs which actu- 
ally would be stressed beyond safety, and fail- 
ure of these after relatively short service might 
be expected. Ordinarily it would be far better 
fo use a spring of ample strength than to skate 
near the danger line, even if you could afford 
have 100‘ inspection which would throw 
out all stiff coils. 

Included in the table on page 58 is a column 
of igures headed “Maximum Solid Stress”. If a 
compression spring is wound with too great a 
iree distance between coils, and it is overloaded 
at any time, it will acquire a permanent set. Its 


ree height will then be less than it was orginal- 


’, and the amount of “push” which it exerts at 


leflection is less than desired. However, if 
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the design is such that the internal stress is less 
than that given in the table when the spring is 
squeezed down solid, coil to coil, the elastic limit 
will not be passed, and the above troubles will 
be avoided. This, of course, refers to occasional 
overloads. Frequent stresses to the figure given 
will cause fatigue breakdown. 

While the above calculations have referred 
to compression springs, extension springs are 
the same as far as all mathematical calculations 
go. Overstressing on tension can be avoided 
only by having a solid stop to limit the travel. 

One peculiarity of tension springs may be 
mentioned here. The wire coils can be wound 
so tightly together that a considerable force ts 
necessary to separate the coils. This force is 
called “initial tension”. How such a spring ts 
made should be obvious. In winding compres- 
sion springs on an arbor, the guide moves for- 
ward as rapidly as the helix grows, and the 
winding wire is always tangent to the helix. 
If the spring is to be a tension spring wound 
snugly, the guide moves forward at the same 
speed, but always lags a certain distance be- 
hind where the wire should be if it were to lead 
in tangentially. 

Initial tension may easily cause a_ fiber 
stress of 10,000 to 15,000 Ib. per sq.in. Such a 
winding will produce a spring which will resist 
permanent stretch until loaded a corresponding 
amount, but no “exact” springs (that is, springs 
which have a precise length for each definite 


load) can be made with initial tension, since 
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small variations in winding have a marked 
effect on them. 

None of these simple formulas, nor other 
calculations, can predict the flutter or vibration 
period of springs subject to high speed cam 
action. Such a vibration will often cause break- 
age, since the operating stresses in certain coils 
may be much higher than the average static 
calculated stresses. This is the commonest 
trouble with valve springs. 

Calculation of the period of the spring does 
not of necessity indicate which harmonic will 
be the worst nor what its amplitude may be. 
About the only practicable way to make an 
analysis of this phenomenon is to use one of 
the slow motion devices on the market, as strob- 
orama, stroboscope or vibroscope. After view- 
ing operating conditions, springs can often be 
redesigned to minimize this fault. 

One note about stresses in tension or com- 
pression springs coiled of square wire, and then 
we will pass to the next cause of spring break- 
age: The formulas for square wire are the 
same but the constants are different. Maximum 
internal stress per pound of load is found by 
dividing the pitch diameter of the spring by the 
cube of the wire size, and multiplying the quo- 
tient by the constant 2.25. In the other formula 
(load to compress spring one inch) 
the constant is modulus of elas- 
ticity in torsion divided by 5.58. 
(It may be noted that frequently 
this divisor is quoted erroneously 
at 5.25.) 

Now consider the second cause 
of spring breakage, namely, faulty 
material and heat treatment. The 
usual ferrous materials used in 
helical coiled springs are S.A.E. 
1350, 1360, 1065, 1075, 1095, 6150, 
9250, music wire, and stainless 
steel. In the non-ferrous metals 
we find spring brass, phosphor 
bronze and monel metal to be 
largely used. It would take too 
much space to discuss each of these 
materials in detail, but it will be 
valuable to include some general 
remarks. (A more detailed article 
on steels used for fine springs was 
given in October’s Metat ProGress. 
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In steel wire in. diameter and sm: 
it is rare to find coarse grain or poorly je} 
treated material. In the larger sizes this is no) 
uncommon nor are deeply decarburized se 
tions as scarce as could be desired. In proper 
ly designed springs of the smaller wire sizes. 
Barnes-Gibson-Raymond finds 90° of 
spring breakage to be due to surface defects 
These can be most easily seen by hot acid etch 
ing; 10 min. in a boiling solution of 30° hydro 
chloric acid will throw much light on the caus: 
of breakage from surface defects, bringing, as 
it does, seams, scratches, cuts, pits, or dirt into 
view. The photograph on this page shows two 
such samples. The coil was evidently made of 
overdrawn wire, and the acid has eaten a series 
of gashes, some of them half through the wir 
all ranged at approximately the same inclina 
tion to the center of the wire. Music wire is 
sometimes defective, also. The S-shaped samph 
in the photograph has a hair-line crack extend 
ing down one element of the surface. 

Springs are sometimes heat treated inco: 
rectly with resulting coarse grain. This can bx 
determined by the fracture of the wire and 
microscopic tests. 

No doubt it is the duty of the spring make: 
to inspect the wire he buys, and make every 
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‘o eliminate off-grade metal before it gets 


+} 


yt production. Barnes-Gibson-Raymond is 


pa ilarly careful on this point. All its mate- 
i s bought from manufacturers who are thor- 

ly acquainted with the requirements of 
first-class springs, and who will accept its speci- 
fications for the kind of wire on order. On 
delivery, a 3-ft. piece is clipped from each end 
of each coil and sent to the main laboratory 
for routine tests. The most searching physical 
test and the one on which most reliance is 
placed is in torsion. Three 12-in. samples are 
twisted in a triple torsion machine, a certain 
number of turns and then double the number 
in the opposite direction. The exact number 
depends upon the kind of wire, its size and heat 
treatment. The view on this page shows results 
of a very severe test on 0.148-in. wire: 17 twists 
in 10 in. and reverse. Good wire will twist uni- 
formly end to end and break off square 
without necking and with a smooth shiny frac- 
ture. Poor wire will crack and break after a 
few twists, either direct or indirect, in a jagged 
r inclined break. 

After such testing the only way for bad wire 
to get into production is when the test piece from 
the end of the coil does not represent the rest 


f the material. Variations in quality, end to 
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end of a single coil of wire, may be due to pipe 
or segregation in the original ingot, improperly 
chipped billets, local overheating prior to roll- 
ing, or delay in rolling so that the trailing end 
of the rod is finished much cooler than it should 
have been. 

The hardness of springs is also a_ possible 
fault. For carbon steel helical springs a Rock- 
well hardness on sizes below “x, in. usually runs 
10 to 145 on the C seale. Chrome-vanadium 
steel (S.A.E. 6150) will stand slightly higher 
figures. Manifestly the harder the steel, the 
higher the tensile strength, and, based on Pro- 
fessor Moore’s work at the University of Illinois, 
the higher the endurance limit. 

Against this, one must balance the fact that 
the harder steel is more brittle and the second. 
ary stresses caused by surface marks or inclu 
sions will be much higher, since the plastic flow 
and consequent formation of fillets by the mate 
rial itself is more difficult the harder the steel. 
For this reason a spring should be heat treated 
so that it will be no harder than necessary to 
have an elastic limit high enough to carry the 
desired loads. 

As an example of what might be expected 
in ordinary practice with carbon and alloy valve 


spring wire 0.162 in. diameter, the typical figures 


Pickling Indicates De- 
fects in Spring Wire. 
A hair-line crack is 
shown down the side 
of the S-shaped sample 
of music wire. The 
fragment of a coiled 
spring shows evidence 
of being made of over- 
drawn wire 


Good Spring Wire 
Can Be Twisted and 
Untwisted, Finally 
Shearing Off Square. 
Poor wire will crack 
after a few turns, and 
soon break on an in- 
clined surface 
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wire. On even larger s 


ne Inches Elongation in Tension %< in. to 2 in. diameter, the hard ess 
0! 0? 03 04g Q5 06 
300 000 will drop from 420 to 350 Brine||. 
The surface is also much povre; 
= than in the smaller sizes, with con- 
260000 
oe sequent reduction of available stress 
< ranges. To determine these points 
; 760 000 the microscope and acid etch are of 
great importance and must not }y 
neglected. 
Music wire is a chapter in itself, 
} S | since this wire is strengthened ep. 
IK 
220000} tirely by cold work. There is no 
ae & possible heat treatment that wil! 
‘ x 4 j give as good physical properties to 
quenched and drawn material. Thy 
only treatment that will improv 
properly drawn music wire, afte: 
forming into coiled springs, is a 
S simple heating to from 475 to 525 
S 60.0 F. for 20 min. Continued heating 
at higher temperatures will only 
140000 harm it, as is shown by the stress 
strain curves made under the dire: 
tion of F. P. Zimmerli, chief engi- 
PN) 
120,000 neer, Barnes - Gibson - Raymond, 
Detroit, both in tension and in tor 
. 700.000 sion, after various draws. A prolifi 
0 pe... elke source of trouble with music wir 
be springs comes from heating them to 
Stress-Strain Curves for 0.112 in. Music Wire - > 
around 700° F. after coiling, imitat 
| Curve] | Pockwell | fension fest _ Torsion lest ing good practice for mill-tempered 
| Wo | Hardness | flastic | Ultimate | Elongation | Reduction\ Flastic | Ultimate 
rature limit’ | Stress | in8in.\ inZin.| of Area | Limt | Stress spring wire. 
+ + + + + 4 
| lasreceived| C4 | «8000 | 272000 | 3i%|62x| Six | 131,000 | : 
2 500° C49 «| 218.000 | 284000 | 15% | 31% | | 153000 | 244000 The third cause of troubl 
3 | C51 | | 286000 | 23% | 47% | 153000 | 208.000 
: 4 500° C5! | 206000 | 280000 | 51% | 0.2% | 44% | 153,000 | 248000 namely, the use of the wrong mat 
| | 600° C50 =| (194000 27€.000 47% | 62% 43% 149.000 | 235,000 
|> | awe ca | | | | | rial for springs in varying installa 
: | 4 4 4 
tions, is not uncommon. To combat! 
corrosion, monel metal, phosphor 
bronze and brass are often used 
are submitted in the tabulation on page 65. None of these non-ferrous metals seem to hav 
K The figures indicate a considerable supe- a true elastic limit, and therefore are subjec! 
ree riority in proportional limit, and reflect the to plastic flow under load with consequent los» 
a general impression that chrome-vanadium steels of resilience. They are normally designed to! 
can stand 10 to 12> more than carbon steels. 30,000 to 35,000 Ib. per sq.in., maximum stress 
Against this must be noted the difficulty in Whether these materials have a real endurance 
By vetting alloy steel wires with as good surface limit, like the ferrous materials, is still beimes 
: 
condition. debated. It probably is less than 25,000. 1! 
Note also that the above tabulation is for per sq.in. Failures of monel metal springs 
0.162-in. wire. As size increases the physical have occurred in’ chemical pumps ftet 
properties decrease, so that 180,000) ultimate 3.000,000 stressings to 15,000 Ib. per sq.in., 
tensile is about all that can be expected of ho corrosion was evident. Consequently, suc! 
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us must be subject to low stresses and 
then may not give many million stress 
rversals before fatigue failure. For heat re- 
sistance, monel seems to be best. 
fo combat corrosion, where steel must be 
used. the purest iron-carbon alloy should be 
used. The highest grade alloy steel, as 6150 for 
eysample, will not have the endurance of a plain 
carbon steel under such conditions. Stainless 
steel lies between the non-ferrous and the steels. 
fo combat heat, use a_ steel with the 
maximum carbide concentration. Thus S.A.E. 
chrome-vanadium 6150 is better than S.A.F. 
plain carbon 1075, even though the latter has 
0.75’. carbon to the former’s 0.50. , since under 
corresponding conditions the microstructure of 
the former will show more free carbide. Like- 
wise S.A.E. 1360 (medium manganese) is better 
than S.A.E. 1075. As would be expected, high 
speed steel can be used and will stand reason- 
ably high operating temperatures. It has been 
successfully used at 850° F., but with corre- 
spondingly low fiber stress: 35,000 Ib. per sq.in. 
with Rockwell hardness 44 to 46. 

This sketchy outline has said nothing of 
torsional or power springs, nor of leaf or ellip- 
tical springs. Nor has it entered much into the 
exact heat treatment of the steels. It has only 
scratched the surface of what might be said 
about the commonest tension and compression 
springs, and said it in elementary terms, hoping 


thereby that metal men and spring users gen- 


lypical Values of Alloy and Carbon Steel Wire 


Chrome-Vanadium Carbon 


Steel Steel 
Chemical analysis 
Carbon .. 
Manganese 0.62 0.32 
Chromium 1.12 
Vanadium 0.15 
Phosphorus 0.021 0.027 
Sulphur 0.020 
lension test after treat- 
ent noted below 
Ultimate strength 215,000 210,000 
Proportional limit . 196,000 180,000 
Reduction of area 47.5% 52.5% 
Elongation in 2 in. 6.25% 7.8¢ 
vell hardness, € scale {5 to 47 to 41 
nal properties after heat 
tment 
timate 161,000 158.000 
oportional limit 119,000 110,000 
cautment 
| quench from 1,.625° F, 1.425° F. 
iw at F. Jou 
M 1931 


erally will have a better idea of the problems 
involved in spring making, and more specifi- 
cally, what they can do to avoid difficulty and 
disappointment in the use of these essential 
machine elements. 
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JA DORNING the directors’ room, Bofors Steel 
Works, Vermland, Sweden, are six beauti- 
ful panels in inlaid wood, the work of Ewald 
Dahiskog. The artist's medium —- inlaid wood 
is unique, and has enabled him to achieve 
high contrasts and unusual cloud effects. No- 
table also is the virile representation of these 
scenes from the steel plant, scenes portraying 
the oldest days of hand labor and the most mod- 
ern and powerful mechanical equipment. Un- 
doubtedly they are a continual reminder to the 
men at Bofors of a tradition of good work, well 
done by skilled men. 

The photographs which are reproduced at 
the head of these six editorial pages were loaned 
by Naboth Hedin, New York manager of the 
American-Swedish News Exchange. Merat 
ProGress is happy to be able to print them and 
thus give all members of the American Society 
for Steel Treating pleasure in them, not only 
because of their great artistic 
merit, but because they strik- 
ingly depict metal progress 
in the most literal sense of 


that expression. 


Pies 


O* THE FIRST visit the writer ever made 
to Detroit, about 15 years ago, he was 
surprised to find a steam hammer in the Cadil 
lac plant smashing up steering knuckles and 
other small forgings —or at least attempting 
to, for nearly all of them would bend flat and 
into grotesque shapes before any crack would 
start. He was told that these cold forgings rep 
resented samples from each lot after final heat 
treatment, and that they “were being tested” 
Such brutal treatment seemed to have littl 
relationship to the standardized tension test and 
chemical analysis under which the raw. stee! 
was bought. Neither did it have much rela 
tionship to the duty expected of the parts 
Nevertheless, it was an impressive demonstra 
tion that in normal running or in accidental 
smash, forgings in Cadillac cars would bend 
but not break. And that was the assurance 
which the car builders needed, and which thes 
did not get by the more con 


ventional tests inspe: 


orta In the intervening time. 


P 
an inereasing number 0! 
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specialized tests has been observed in use by 
various machinery builders. Some of them 
were illustrated in President Watson's paper 
before the Western Metal Congress, printed last 
month. Others are mentioned in Mr. MeCloud’s 
contribution in this issue. Gear testing fixtures 
are also described in detail on page 47. Many 
other instances could be described. 

This unusual amount of specialized testing 
probably does not indicate that the engineer 
who makes machinery is distrustful of the 
standardized tests designed to evaluate some 
simple property of the raw material such as 
tensile strength or hardness. But it does mean 
that he is not willing or able to translate the 
results of these so-called quality tests into fig- 
ures which indicate the serviceability of the 
part. As Mr. Raab points out, the ultimate ten- 
‘ile strength has but an obscure relationship to 

number of miles a transmission gear will 

ve a Buick sedan. In fact, 


testing fixtures so fre- 


observed in) manu- d i 
‘urers’ laboratories are ttoria 


tests of the factors which mean serviceability. 

A very good reason exists for testing a 
completed part, even though the maker were 
sure it were made of sound steel. He would 
not wish to buy his steel solely on the result 
of the ladle analysis or a furnaceman’s test- 
ingot. Too many things happen in the subse- 
quent manufacture; it is obviously unsafe to 
predict the properties of the forging billet from 
tests on the ingot. Similarly, it would be equally 


unwise to assume that this steel could not be 


damaged or, on the other hand, vastly im- 
proved by the forging heat, the forging, the 


cooling, the normalizing, the machining, the car- 
burizing, the hardening, the tempering, and the 
grinding. The only way to integrate all these 
factors is to test the part after it has been 
finished. 

Specialized testing of this sort also indicates 
that more study should be given, in an organ- 
ized way, to the problem of 
serviceability tests. Even 
though machinery wears out, 


rusts away, and breaks down 


‘usively designed for 
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by fatigue, our testing engi- 
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neers are vel groping for a wear test, a corro- 
sion test, a fatigue test short-time laboratory 
tests which have definite relationship to the re- 
sults of long-time exposure. Lacking such meth- 
ods of quick appraisal, the development of bet- 
ter materials cannot progress in rational man- 
ner. We must wait for some innovation, and 
for several vears after listening to the blandish- 
ments of the persuasive salesman, we can only 
hope that he was right, and that the new mate- 
rial will not lose its bright shine on exposure to 
city smoke, 

Standardized tests for some special quality, 
such as tensile strength or hardness, are, there- 
fore, being relegated to the role of comparing 
successive lots of metal to a former one which 
has proved satisfactory. In other words, a sat- 
isfactory gear, axle, rail, or shaft has been de- 
vised or discovered by an intelligent combina- 
tion of science, art, and skill, and it has proved 
to be satisfactory in service. 


The problem is to duplicate 


ple tests are useful. But — and this is a point 
worth noting merely one test is seldom 


acceptable. 

In addition to a tension test showing proper 
strength, elastic limit, and ductility, a chemical 
analysis is frequently specified — or if not speci- 
fied, actually used in the manufacturer's labo- 
ratory to make doubly sure. Furthermore, 
much steel for important parts must pass « 
deep etch test, a grain size test, be properly 
responsive to carburizing, and harden uniformly 
on quenching. All these are quality tests, of a 
sort, to reinforce in some particular a standard- 
ized physical test which is incapable of distin- 
guishing between two steels, one of which wil! 
be satisfactory in a rivet snap, for instance, and 
another which will give trouble. 

The progress already recorded in the ar! 
and science of testing leaves little to be desired 
insofar as progress itself is concerned. W: 
have increased our know! 
edge in the past few vears 


but we still have a lot mor 


this satisfactory part until a d 
ttforta to learn in this line. T! 


better one can be devised. 


For this duplication, the sim- 
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future promises well. 
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NON-TECHNICAL contribution to the 
“Correspondence and Foreign Letters” 
department (page 89 in this number) is made 
by Arthur ‘T. Clarage, president, Columbia Tool 
Steel Co, 


flood of papers which appear during New Years, 


It doubtless was prompted by the 


reviewing all possible phases of human activity. 
Many of them (especially those of the business 
economists) are foolishly optimistic, and fully 
warrant a counterattack. 

A casual reader of the letter might conclude 
that Mr. Clarage is unduly pessimistic and is 
erving, with the preacher, that “all is Vanity.” 
His principal thought, however, undoubtedly 
agrees with the sentiment that christened 
Mera Progress — namely, that advance from 
an industrial and cultural depression does not 
consist In re-establishing the conditions of past 
vears, but advancing to a firm position on a 

w foundation. The past is dead and gone. 
‘| ought to be buried. What 


‘here ahead? Men or busi- 


ses buried in the past 


i decay. They thrive on 
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ATIGUE endurance, surface condition, and 

corrosion are closely correlated and have 
major influence on satisfactory performance and 
life of machine parts, tools, and major struc- 
tures. Most metal rusts away rather than wears 
out. Failures in service are mostly fatigue fail- 
ures. Fatigue failure ordinarily starts at some 
imperfection or corrosion pit on the surface. 
Hence the importance of good surface condi- 
tions a thought often emphasized in metal- 
lurgical literature. 

There is, however, another aspect of sur 
face which is getting belated attention. This 
refers to the working properties of thin sheet, 
strip, or wire —- material which is nearly all 
surface. 

Seldom a day passes when a metallurgist 
connected with sheet steel or brass manufacture 
is not asked to advise on some trouble in some 
customer's plant. Material which in former 
shipments acted — satisfac- 
torily in a stamping or coil- 
ing operation suddenly gets 


balkyv and gives a ruinous 


UTess, 
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number of rejects. Yet in 
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and the 


size, thickness, hardness, appearance, 
metal seems to be quite usual and normal. 

The analysis of the metal proves to be with- 
in specification — and only a few years ago 
everything was supposed to be all right if the 
sulphur and phosphorus were low enough. 
More recently some of us have acquired the 
habit of solving problems by the microscope 
but in most cases of trouble-shooting, the struc- 
ture will be normal, grain size OK, metal good 
and clean. Next the tensile properties will be 
tested, but rarely will any clue be found there 

good values, both absolute and relative, are 
returned by the laboratory. 

These tests will exhaust the possibilities of 
most control laboratories. Some, perhaps, will 
attempt to investigate the difficult’ matter of 
internal stress. But it all too frequently hap- 
pens that strip which gives all kinds of trouble 
in a customer's plant is normal by all these 


tests, and as far as can be 


was delivered. 
and they are 


turing operations before it 

Faced by such a mystery 
by no means infrequent — the metallurgical de- 
tective, trouble-shooter, or whatever you want 
to call him, is reduced to the necessity of play- 
ing “hunches.” Sometimes the trouble appears 
to be psychological — a replacement shipment 
from the same warehouse bin has been known 
to relieve the situation! Whether the trouble 
is in the metal or in the amount of abuse il 
receives in later fabrication is always a question, 
as these where business is 


but in times such 


scarce and competition sharp, a metal manu- 
facturer cannot afford to blame his customer's 
shop practices. 

Nevertheless, it is well known that a minor 
change in the amount or kind of lubricant used 
on the dies will have a great difference on the 
production of stamped articles. Furthermore, 
the speed of the operation has many and far- 

reaching effects, other than 


testing the ability of the strip 


found, had received normal 
treatment in rolling, anneal- 
ing, pickling, finishing and 


to 
E d itoria | loadings. 


under impact 


As the tempera- 


deform 


the various other manufac- 


ture of the dies increases, tlic 
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clearances change, but this is a minor matter 
compared to the variation in coefficient of fric- 
tion between die steel and strip. It would almost 
seem that a warm die has a surface condition 
which favors molecular seizure of the surfaces 
in contact. 

Even allowing the full influence of such 
factors as exist in the press shop, and, therefore, 
out of control of the strip manufacturer, there 
are some obscure surface effects undoubtedly 
due to variations in annealing, pickling, or roll- 
ing practice. Successful enameling, for instance, 
requires a special surface. Some think that 
minute pits, wherein the glaze can anchor itself 
to the metal, are the desired conditions. It is 
more probable that an oxidized laver of sub- 
icroscopic dimensions is more essential (at 
least for non-ferrous alloys). 

Such information as this is still reposing 

the “practical” man, and as long as he has 
¢ most of the information, 


perimentation will be by 


treatment. An equal opportunity exists for en- 
gineers and production men to associate them- 
selves in an active organization for an inter- 
change of ideas and data. 

Obviously, a new technique must be devel- 
oped to study these obscure surface phenomena, 
and this can be taken care of by the scientific- 
minded members of the fraternity. They, in turn, 
wiil need close contact with conditions as they 
exist in the shop; they will need to be told the 
trade “secrets” that most of the shop superin- 
tendents already know. Judging from the suce- 
cess of the American Society for Steel Treating, 
evervthing is to be gained from a sincere effort 
to svstematize information about metal 
surfaces, 

The advantages of whispered shop secrets 
and practices compare about as well with rec- 
ommended practices and standards as a loco- 
motive of Civil War time does with one of the 

modern kind. The trend 


which brought knowledge to 


e-of-thumb. The situation 


ibout the same as existed 


the many instead of the few 


was largely responsible for 


vears ago in the art of heat 
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this era’s progress. 
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Permanently Accurate 


VERYONE connected with the 
production of metal parts is familiar with the 
gages which determine the accuracy and inter- 
changeability of metal parts. Everyone whose 
shop experience dates back 15 vears can remem- 
ber the steady growth in use of precision gages, 
starting in those hectic war times when manu- 
facturers scattered all over the country were 
making minor parts of fuses, guns, and other 
munitions, to be assembled at some central spot 
with parts made in other far distant shops. That 
lirst experience doubtless impressed the real 
meaning of “interchangeabilitv” upon American 
manufacturers, and taught them to appreciate 
the value of master standards whereby the ac- 
curacy of the gages used in the workshops could 
be verified. 

In prewar times these master standards in 
the form of gage blocks were a foreign-made 
specialty. Existing sets were requisitioned by 
the War Department and apportioned where the 
need was greatest. Intensive work at the Bu- 
reau of Standards by William E. Hoke devised 
means whereby small pieces of steel could be 
made with flat, parallel surfaces, and invented 
a simple method of inspecting their accuracy 


and comparing their size with known standards. 
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Pratt & Whitney Co., Hartford, Conn., put these 
ideas into production, later acquiring all patent 
rights, and now we have in America an organi- 
zation capable of producing gage blocks each 
with an accuracy to within a few millionths 
of an inch. 

Production of these high precision instru- 
ments in quantity, and at a price which enables 
even a moderate sized shop to own a set, is an 
achievement of mechanical and metallurgical 
skill. From a= metallurgical standpoint the 
problem is anything but easy. The blocks must 
be as hard as possible (to prevent wear in use) 
vet free from internal strain, and so stabilized 
in internal structure that there is no tendency) 
for change in dimension with passing time. “No 
tendency for change” takes on added meaning 
when a piece of steel is to be accurate to within 
two or three millionths of an inch when 1! 
reaches the purchaser, and must not grow or 
shrink more than one or two millionths with 
passing vears. Theoretically, a hardened stec! 
is in a metastable condition and a metastal|: 
condition with no tendency to change seems to 
be a contradiction of terms. Yet the Pratt & 
Whitney special seasoning treatment for Hok: 


blocks so balances the atomic forces inside 4 
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nehed block that this condition is reached. 
Consequently, the precision gage block of 
ay has a very definite mission it is the 
ister standard constantly available to shop 
d laboratory alike, giving any desired length, 
curate to millionths of an inch. To perform 
is mission the block must 
1. Be accurate to millionths of an inch 
2. Have gaging surfaces flat and parallel 
within millionths of an inch 
3. Be hard 
i. Be absolutely stable in dimension 
5. Reflect the precision which has been 
worked into it. 
To amplify these statements somewhat: 
In comparatively few instances would it be 
necessary to have a single block accurate to 
within a few millionths of an inch for in- 
stance, a d-in. length. Combinations of blocks, 
where an odd size like 3.0517 in. is available in 
a few minutes, are most useful. Errors in in- 
dividual blocks must therefore be kept to a 
minimum so that in no case will the combina- 
tion of blocks result in a gross error which 
would seriously affect the measurement being 
taken. 
Flat and parallel surfaces are absolutely 
necessary with accuracy. Without these two 
requisites, measurements taken at different 


points on the block might be different and it 
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would not be possible to “wring” a number of 
blocks together. 

The precision gage block of today must be 
more than accurate in all essential elements 
it must be hard enough to withstand ordinary 
use under shop conditions, and to give maxi- 
mum life under laboratory conditions where 
even the slightest wear is a serious factor. Pratt 
& Whitney Hoke blocks are subjected to a spe- 
cial hardening treatment, resulting in a mini- 
mum Rockwell C 67. 

Hand in glove with hardness is stability. 
This most important feature will be discussed 
in detail below. 

Since the gage block is the standard of every 
shop, it must command the respect due that 
position. Lack of respect breeds lack of con- 
fidence in the mind of the user, followed by 
carelessness and neglect which will directly 
affect the interchangeability and quality of 
the product. 

A review of some of the features of the 
manufacturing processes is interesting, espe- 
cially since precision is the keynote in every 
operation. 

Material. One of the first and most dif- 
ficult tasks in the manufacture of precision 
gage blocks was the discovery of the most 
suitable material. Many steels have been 
tried, including carburizing grades, tool 


steels, and alloy steels. 


a A high carbon 


chromium alloy steel 
has been finally adopted. 
This is of the deep hard- 
ening type, and pos- 
sesses a very fine- 
grained structure after 
proper treatment. 

Great care re- 
quired to manufacture 


the steel, and the rough 


A Battery of Precision 
Lapping Machines in a 
Constant Temperature, 
Constant Humidity, 
Workshop 
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bar inspection must be correspondingly thorough. 
A chemical analysis and physical examination 
of each bar in the shipment is made, including 
micro-examination and fracture test. The entire 
lot of the material is either accepted or rejected 
on the basis of this 100° inspection. 

Roughing operations. Incoming bars are 
1,\, in. square. The first manufacturing opera- 
tion is to grind all four sides to remove any 
surface defects which might be present. Bars 
are then held in stock for approximately six 
months. As required, the oldest bars are with- 
drawn from stock and cut to proper length for 
the blocks under order, plus a proper machin- 
ing allowance. This operation is done in mul- 
tiples, using a Pratt & Whitney semi-automatic 
milling machine with a gang of cutters. Then 
follow in succession the operations of grinding 
the faces, burring the corners, drilling, reaming 
and countersinking the center hole. The blanks 
are now finished and ready for heat treating. 

Hardening and tempering are of prime 
importance, as upon these operations depends 
the hardness of the blocks. The most modern 
electrically heated box-type furnaces, provided 
with automatic temperature control and special 
electric oil tempering baths, are employed for 


these operations. 


Before seasoning, each block is ground «y 
the faces and all four sides to remove any hard- 
ening scale and to insure the maximum e'})- 
ciency from seasoning. This grinding operatic 
is of particular importance, as it is the final 
operation on the sides, and when this operation 
is finished, the hole must be located equally 
from all sides. It will be recalled that the hole 
is of such size as to take a '4-in. tie rod, when 
it is desirable to bolt a nest of blocks together, 
Obviously, accuracy in the location of the hole 
is essential. 

Seasoning follows. Within the past three 
vears Pratt & Whitney Co. has developed a new 
method of aging or stabilizing hardened too! 
steel. For many years various methods of sea- 
soning, or of alternate immersions in luke- 
warm and refrigerated solutions, have been in 
use, and all are effective to some degree. But 
the newly developed seasoning treatment goes 
far beyond the older methods because it per- 
mits the use of higher hardening temperatures 
and lower draws (and thus gives the blocks a 
higher hardness without the defect of any 
growth or shrinkage which can be detected in 
measurements as fine as millionths of an inch). 

The chart on page 74 gives the result of a 
test made some time ago in the Pratt & Whitney 


Checking Flatness of 
Pratt & Whitney Hoke 
Gages, Using Optical 
Flats and Mercury 
Vapor Lamp 
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laboratory. All blocks in this test were 4 in. 


long, that length being selected as one which 
would indicate the maximum change that might 
be expected in a precision gage block. Eight 
l-in. blocks were so heat treated as to possess 
maximum hardness. Four of these superhard 
blocks were subjected to the Pratt & Whitney 
special seasoning treatment; the remaining 
blocks were improperly seasoned. The blocks 
were lapped to size and accurately measured. 

Readings of each block were made monthly. 

[he average readings obtained from the blocks 
given the special seasoning treatment are shown 
curve A. The readings obtained from the 
blocks not properly seasoned are charted in 
curve B. At the end of 85 weeks, the blocks 
given the special seasoning treatment averaged 
one millionth smaller than the original reading 
al the beginning of the test. The blocks given 
‘he improper seasoning treatment had grown 
‘0 millionths after 70 weeks. 

Every gage block must be as nearly perfect, 
‘allurgically, as it can be made and it is nec- 
iry to inspect each block to detect any mi- 

cracks which may have formed because of 

defects or hardening strains. Often these 
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Optical Flats Placed Lightly 
Over Surface of Gage Blocks. 
Interference bands in the re- 
flected light are a measure of 
the comparative flatness. Flat 
blocks show straight bands. If 
the bands curve more than 
half their width the block 


is rejected 


cannot be detected with the eye. A simple but 
ingenious inspection operation is therefore used. 

The gage block is immersed in a bath of 
kerosene which contains in suspension very fine 
steel dust. The steel dust is attracted to the block 
by the residual magnetism in the block due to 
its previous contact with a magnetic chuck. 
(Sometimes an clectric magnet is used when the 
residual magnetism is not sufficient.) Even the 
most minute cracks are then visible, particularly 
when examined under a magnifying glass, be- 
cause the lines of magnetic force, interrupted 
by the defect, cause the steel particles to ac- 
cumulate there and form a distinct line on the 
surface of the block. 

Manufacturing operations are interrupted 
following this test for cracks, to give a period 
of natural seasoning. Blanks at this stage in 
process are known as Class A stock, being com- 
pleted to the point of marking and of finishing 
the gaging surfaces accurately. They are held 
in stock for a period of not less than six months, 
and are withdrawn for completion to replenish 
finished stock as required. 

Etching. The first operation in the finishing 
routine is to grind the etching band preparatory 
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Change, in Millionths of an Inch 


Time, in Months 


Dec. Jan. Feb. Mar Apc May June July Aug. Sopl Oct. Nw Dec 


cast iron base on which a cir- 
cular lap is fixed. They alsy 
7) oa carry a swinging arm from 
which a second circular lap 
is held, normally in position 
immediately above the lower 
lap. When loading, changing 
| or unloading, the arm is 


swung in the outward posi- 
tion, leaving the top surface 
of the lower lap exposed. 


A spider, consisting of « 


A ging 7 est of 4-In. Hoke Gage 
Blocks Given Pratt & Whit- 
ney Special Seasoning Treat- 
ment (Line A) and Similar 
Blocks Improperly Seasoned. 
gages from Points on curves are average 
measurements of four blocks 


to marking. 
Anyone who 
has manufac- 
tured tools or 


high carbon 
steels is famil- 
iar with the strain set up by stamping, rolling, 
or similar methods of marking. Often a crack 
originating at the corner of one of the characters 
is evidence of this strain. There must be no 
strains of this sort introduced into precision 
gage blocks. 

To guard against any such possibility, all 
markings are etched on the sides. This marking 
includes the Pratt & Whitney name, the size of 
the block, and the serial number which distin- 
guishes it from any other block of the same size. 
The serial number enables the user to keep a 
definite record of each block in use and to pre- 
vent sets being confused. 

Finish Grinding is done on a Brown & 
Sharpe surface grinder; the most extreme care 
is used to keep grinding scratches as shallow as 
possible and to maintain the blocks equal in 
length. Efficiency in this practice facilitates 
lapping and for that reason is watched very 
closely. Blocks are within 0.001 in. of nominal 
length at this time. 

Lapping. The blocks are now ready for fin- 
ishing. This is divided into three separate lap- 
ping operations rough, intermediate and 
final. Let us first consider the machinery. 

All lapping operations are done on the ma- 
chines illustrated on page 71. All are of the 
same type, and were designed and made by 
Pratt & Whitney Co. They consist of a heavy 
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piece of steel in which 24 holes 
have been drilled, is held 
horizontally in position above the lap approxi- 
mately one-half the thickness of the blocks to 
be lapped. The blocks are next placed in the 
holes in this spider. The diameter of these holes 
is larger than the distance across the corners of 
the blocks, so the latter are free to rotate. The 
spider also clears both laps. 

After loading, the arm carrying the upper 
lap is swung back into position and locked. 
The upper lap is lowered until it rests of its own 
weight on the three highest points on the 21 
blocks which are to be lapped. Since machining 
up to the point of lapping is done individually, 
seldom, if ever, do all 24 blocks actually touch 
both laps at the start of the rough lapping oper- 
ation. Furthermore, since the upper lap is free 
to assume a position resting on these three high 
points, it probably will not be parallel to the 
lower lap. 

Lapping is done by driving the spider in a 
planetary motion between the stationary plates 
above and below. The gearing is so made thal 
about 300,000 rotations are made before th 
exact path is repeated. There is thus smal! 
chance for grooves to be worn on the uppe! 
and lower flats. 

As the operation progresses and additional! 
blocks come in contact with the laps and all are 
lapped flat, the two gaging surfaces probably 
will not be parallel. Yet it is absolutely essential 
as the blocks approach size that they be paralle! 
as well as flat, and to accomplish this a system 
of interchanging blocks in the spider has been 
worked out. This system places some of the 
longer blocks into the positions formerly held by 
the shorter blocks, and vice versa. When lap- 
ping is started again there will be some blocks 
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from the upper lap, 
these will contact, one 
r another, as the taller 


ks are reduced. 
Several methods of in- Sire 

change are in use, one 4b (a 


after another, the 
blocks as they leave the 


rough lapping operation es 


are very close to the same 

size and the surfaces are parallel. The edges 
are stoned after the rough lapping operation to 
remove any burrs or rough edges which might 
have been overlooked in the previous opera- 
tions or Which might have occurred in the rough 
lapping, and the blocks are ready for the final 
lapping operations. 

The second or intermediate lapping opera- 
tion closely resembles the rough lapping. But 
very little and the finest grade of abrasive is 
used. Positions are interchanged in the spider 
periodically as no error in parallelism may be 
permitted to creep in. 

Practically no abrasive (except that which 
has been worked into the surfaces of the laps) 
and but a little lubricant is used in final lapping, 
to reduce the last few millionths. Extreme care 
is exercised to maintain a high finish. The 
blocks are checked at intervals of 10 to 20 rota- 
lions as they approach size, and places are inter- 
changed in the spider. Sufficient time is al- 
lowed at each measurement for the blocks to 
come to the standard temperature of 68 F, 

Inspection. Each block is measured by the 
operator in charge of lapping before the ma- 
chine set-up is broken; then it is given a second 
and final check in the Inspection Department. 

All blocks are carefully cleaned and remain 
ina pan of kerosene for several hours to insure 
that all are at the same temperature. A master 
block, the size of which is definitely known 
Within a millionth of an inch, is placed in the 
same bath so that it may be at exactly the same 
‘cmperature as the blocks to be checked. 
he instrument used for the final inspection 
size was designed and built especially for 
work at the Pratt & Whitney plant, and is 


‘ar to a machine used for the same purpose 


National Physical Laboratory, Tedding- 
“england. It is known as a “millionth com- 


ior.” To be used successfully it requires an 
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When Surfaces Flat Enough accurate set of 
dre Wrung Together the master blocks. 
in the ange Atomic 
Forces and Hold One to lot of 0.1009-1n. 
the Other blocks is coming 


through. The 
master block, 0.1009 in. in size, is placed be- 
tween two anvils of the comparator, All oil is 
carefully worked out so that the anvils are in 
contact with the surfaces of the block. A small 
mirror is mounted at the back of the movable 
head anvil, this mirror tilting as the anvil is 
moved. The shadow of a pointer is projected 
onto this mirror and reflected by it to a second 
and stationary mirror, and from that to a scale 
conveniently mounted. The reflection of the 
pointer acts as a lever beam of light and mag- 
nifies the motion of the head anvil until five 
millionths of an inch appear as one-eighth inch 
on the scale. When the master block previously 
mentioned is between the anvils the scale ts 
moved so the pointer appears to rest exactly on 
zero. Then the master block is taken out, and 
one of the blocks to be measured put in its 
place. If it is exactly the same size, the pointer 
again rests on zero. An overage or deficiency 
of two millionths is easily detected. Several 
readings are taken in various parts of each 
block which give positive check against crror 
in parallelism. 

The final check before gages are sent to 
stock is an inspection against scratches or sur- 
face defects, and a check for flatness. Under a 
Cooper-Hewitt light even the smailest of sur- 
face defects is plainly visible. Blocks show- 
ing any such surface defects or scratches 
are rejected. 

Test for flatness is made with an optical flat, 
which is merely a round plate of glass with flat 
surfaces ground on it. The flat is laid on the 
surface of the blocks under the Cooper-Hewitt 
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Making up a Set of Gage Blocks 
by Drawing Appropriate Blocks 
From Storage Safe 


light, and is separated by a thin wedge-shaped 
film of air. Light reflections between these con- 
tiguous flat surfaces, metal and glass, respec- 
tively, cause interference bands, alternately 
light and dark. These interference fringes or 
bands are very clear and distinct and may be 
sasily photographed, as shown on page 73. If 
they are perfectly straight, the surface of the 
block is flat. If they curve or are irregular the 
surface of the block is out of flat. Permissible 
curvature must in no case amount to more than 
one-half band, which translated equals five mil- 
lionths of an inch. 

Storage. It is necessary that the blocks be 
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maintained in this perfect condition until s}) 
ment and a safe is provided for holding the f{\y- 
ished blocks. 

The blocks are carefully greased with a 
heavy non-acidic compound selected by our 
laboratory after careful testing. The surfaces 
of the blocks do not come in contact with each 
other when stored in the safe, so that pitting 
sweating, and corrosion are avoided. It is inter- 
esting to note at this point that not a single block 
which has been given the Pratt & Whitney spe- 
cial seasoning treatment has changed size an 
amount which is measurable in millionths. — [np 
other words they are permanently stable and 
will retain their size indefinitely except for nor- 
mal wear. 

Constant) Temperature Workshop. The 
condition of the rooms in which the final lap- 
ping and inspection are done is of considerable 
interest. These rooms are accurately main- 
tained at 68 F. at all times. This is highly es- 
sential, as a slight difference in temperature is 
sufficient to cause errors in measurements 
greater than the permissible tolerance. Humid- 
itv is maintained just as accurately as the tem- 
perature. To guard against the possibility of a 
rise in temperature, all motors for driving lap- 
ping machines are located outside of the con- 
stant temperature rooms, and a flexible shaft 
through the wall is the driving means. 

The study of the manufacture of Hoke pre- 
cision gage blocks at this time is interesting, 
particularly in view of the final result and the 
improvement which can be noted. The blocks 
are harder than any that have been produced 
heretofore. They approach absolute stability, an 
accomplishment which has been sought for years 
but never before attained. This does not mean, 
of course, that the blocks have a zero coefli- 
cient of expansion with change of ten:perature, 
but it does mean that whenever the blocks are 
measured at 68 F. they will be within one mil- 
lionth of an inch of their length when they lef! 
the Pratt & Whitney constant temperature room. 
Likewise it is not necessary to build a constant 
temperature room in the shop before using 
them, for the blocks are of steel and their co: 
cient of expansion is very close to that of the 
snap gages or the other metal whose size thes 
are verifying. Consequently temperature \'!! 
have an equivalent action on each. 
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on construction of .. . 


Pickling 


Tanks 


Mh STYLES and types of 


pickling tanks are available for use in the 
pickle room; therefore it is improper to make 
definite) recommendations unless specific 
problem is submitted. An article such as this 
should be limited to the discussion of various 
possibilities for choice, leaving the final deci- 
sion to the reader. Tanks are subjected to two 
tvpes of destruction: (a) chemical corrosion 
and disintegration, and (b) mechanical destruc- 
tion and wear. The problem is to select: the 
inaterial which will best withstand both types. 
Wood tanks are probably the most com- 
monly used for general pickling practice since 
they are effective and economical. They can be 
used from one to six vears and have an average 
life of 12 to 18 months. The advantages and 
disadvantages of the different kinds of woods 
ind types of construction should consequently 
discussed, 
Cypress, long leaf vellow pine, and douglas 
are the most popular lumbers. Cypress is 
robably a little superior to other woods and is 
ed in the construction of small tanks with 
lls d-in. thick. However, it is high in price 
very scarce in longer lengths and thicker 
bers for large tanks. Whether or not cypress 


vorth its additional cost is a question that 
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apparently has never been satisfactorily set- 
tled, but it is certainly true that most tank man- 
ufacturers carry a greater stock of other woods 
and can make prompter delivery in other woods 
than cypress. 

If we eliminate evpress (either for its high 
cost or scarceness, particularly in larger sizes) 
one can then consider long leaf vellow pine and 
douglas fir. These are used in 5 to 12-in. thick- 
nesses. The first mentioned has been the gen- 
erally accepted pickling tank material, at least 
until recently. Heart lumber, free from knots, 
is used. Long leaf vellow pine is a good wood, 
but there is so little difference in the general 
appearance of this and other species of pine, 
which are not so good, that only an expert can 
be sure that long leaf vellow is being delivered. 
Good pine is rather scarce. If it has been “tur 
pentined” it is not desirable for pickling tanks. 

Douglas fir (more properly “douglas 
spruce,” although it is commonly known in the 
lumber trade as red fir or Oregon pine) costs 
about the same as vellow pine and at the same 
time has a greater resistance to the corrosive 
action of acids. There are several reasons 
which lead to the belief that douglas fir is su- 
perior to long leaf vellow pine. It is more 


dense than the pine that is, its cellulose con- 
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tent is greater per unit of volume. This means 
that it is not so porous or so open grained and 
it naturally follows that liquids will not be able 
io permeate the wood so quickly. Douglas fir 
is also less soluble in acid solutions than long 
leaf yellow pine. Here again the denser struc- 
ture is responsible; in addition, douglas fir con- 
tains more acid-resisting chemicals; it has more 
oils, gums, and resin deposits which, one might 
say, make a_ protective coating around the 
wood fibers and keep the acid or other liquors 
which might be in the tank from tearing down 
the structure of the wood. While an ordinary 
wood tank might suflice for moderate require- 
ments, douglas fir will probably give longer 
service ata price no higher than long leaf vel- 
low pine and much lower than cypress. 

Phe life of a pickling tank is of course de- 
pendent on its inherent qualities as well as the 
kind of treatment it will receive. If the tank 
is well constructed and made of properly sea- 
soned timber the user cannot expect a reason- 
able length of life unless it is cared for properly. 
Fanks should be purchased from fabricators 


doing sufficient business to justify them to carry 


Monel Metal Sheets Should Be 

Flanged and Riveted on Outside 

and All Inner Corners Filled With 

a Thick Wedge of Lead, Placed 
by Welding 


a stock of well-aged lumber, for if a tank is 
made of green wood it will shrink during ship- 
ment, erection or use. Needless to say, cracks 
will waste solution, and a leaky tank is expen- 
sive no matter how cheaply it was bought. 

It is not a good policy to purchase tanks of 
green wood with the idea that they can stand 
around useless and empty until they have sea- 
soned. As the wood dries it will shrink and 
before the tank can be put in use the rods would 
necessarily have to be tightened to bring the 
timbers together. It is probable that meanwhil 
the timbers have warped; it is then impossihl 
to hold the tank walls together so that the js 
will be tight. If the timber is seasoned bel 
the tank is built, all warpage which might h 
occurred during the course of time would nm 
sarily be planed off, and smooth, square, | 
joints (so necessary for water-tight) const 


tion) would be the end product. 
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Many tank builders construct their tanks 

| splined joints, the theory being that this 
hod will make the tank more surely water- 

nt. However, if a tank is properly designed 

d built, splined joints are unnecessary; in 
|, it is better not to have them. Practically 

i! wood tanks will leak occasionally and if the 
joints are splined it is very diflicult to find the 
ictual weak spot, as the solution will follow 
the spline and run out at the end of the timber. 

Wooden tanks may be either rectilinear, 
bolted with acidproof metal rods, or oval (bar- 
rel type) tightened by means of hoop-like rods 
which can be drawn up at regular intervals. 
Good rods are important since they are subject 
to overstressing and localized corrosion. They 
should be made of rolled bronze with a tensile 
strength at least as great as steel. Copper-tin 
or copper-nickel bronzes are generally superior 
in corrosion resistance to those containing zinc 
or aluminum. Bolts are also of bronze with 
countersunk heads packed with grease, acid- 
proof asphalt or cement. 

There are several types of drains that are 
adaptable to pickling tanks. Probably the 
most practical is one made of a lead flange and 
a tapered solid lead plug. Wooden plugs and 
acidproof valves are also used. However, more 
and more companies are coming to drainless 
tanks, using a syphon or water eductor for 


Muriatic Acid Pickling Can Be 
Satisfactorily Done in Wooden 
Tanks Lined With Rubber. Espe- 
cial care is necessary to protect the 
lining against accidental puncturing 
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emptying them. This insures against drain 
troubles and gives a longer lived tank. 

Generally speaking, if a wood tank can be 
used it is not advisable to line it. However, sev- 
eral types of lining are sometimes used. The 
most common are lead, rubber, and acid-resist- 
ing metal sheets. 

Lead linings are used for sulphuric acid 
pickling and are satisfactory if the lining ts not 
punctured. Ruptures, however, are often made 
by mechanical wear from racks, baskets or 
falling pieces. Acid then gets between the lining 
and the tank material and corrosion proceeds at 
an increased rate. Lead linings are used to best 
advantage in small, shallow tanks where there is 
less mechanical abuse and less likelihood of 
sagging and cracking due to lack of support. 
Also lead, unless very heavy sheet is used, is 
liable to crack or buckle under higher temper- 
atures. The linings are usually ', to ', in, thick 
and extend over the edge of the tank and down 
the outside about a foot, thus eliminating the 
danger of acid entering at the place where the 
lining is joined to the tank. It is oxy-acetylene 
welded on. 

Rubber linings, such as are shown in the 
picture below, are used in muriatic pickling 
and are quite satisfactory, although the same 
dangers of puncturing are present as are noted 
above. There is less danger of cracking with 
soft than with hard rubber linings. Rubber 
lined wood or steel tanks have been in service 
6 or 7 vears without deterioration. Failure is 
more often caused by the attack of the oily film 


covering the surface of the pickling solution 
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than by corrosion or 
mechanical abuse. Rub- 
ber linings are vulcan- 
ized to steel tanks in 
such a way that a sub- 
stantial bond is effected, 
and the tank will give 
satisfactory service if 
the acid temperature is 
held below 150° F. 


lead. This constric- 
tion in sheet js 
shown in the picture 
on page 78. Even this 
operation needs es)e- 
cial skill; ordinary 
“lead burners” can not 
do asatisfactory 
homogeneous job; the 


joint is filled layer by 


Acid-resisting metal 
linings proven 
generally unsatisfactory. Although quite prac- 
tical for baskets and racks, when these metals 
are lining a tank the solution gets between the 
wood and the metal and becoming more con- 
centrated by evaporation, it rapidly corrodes 
the metal. 

During the last few years there has been 
considerable interest shown in self-sustaining 
tanks of acid-resisting metal. International 
Nickel Co. and Duriron Co. have done practi- 
cally all the development work in this line, pro- 
moting monel metal and durimet, respectively. 
Monel metal has long been considered a good 
acid-resisting metal, while durimet is a newer 
metal with great possibilities. 

Monel metal cannot be welded readily by 
the ordinary workman, and it is therefore ad- 
visable to build the tank by flanging the sheets, 


riveting them and then filling the joints with 


laver with oxy- 
hvdrogen flame, and 
the lead coating is welded on without tinning. 
Durimet has an advantage in construction, 
as this metal can be easily welded, and the 
fabricating costs are, therefore, a little lower. 
Before deciding on an acid-resisting metal tank 
the prospective user should consult those who 
are really familiar with the performance of 
these metals in the class of service intended. 
Several types of concrete tanks are used 
with more or less success. They are expensive 
to install but have a life of 5 to 10 years. Some 
companies use a straight concrete tank, making 
the walls 8 to 12 in. thick. These tanks, how- 
ever, are not usually advisable, as acid solutions 
seem to deteriorate the walls to a short life. 
Lead lined concrete is used by some. This, 
of course, gives longer life but there is still the 
hazard of puncturing the lead lining. Increased 


corrosion resistance (Continued on page 149 


Steam Pipe Acid Proof Brick Ci oping) 
Acid Proof Brick facing 
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Construction of Brick-lined Concrete Tank 
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e it a bed or a button 


, 7 it can be made better 


from the strong alloys of Alcoa Aluminum , , 


Beds? yes, beds for Diesel and other engines. 
Buttons? yes, control buttons, signal buttons and 
buttons for dozens of other mechanical purposes. 
When you design that next gadget, consider the 
many specific advantages to be had from Alcoa 
Aluminum and its strong alloys. 

Understand the properties of these alloys and you 
understand their widespread use. Combining 
strength with light weight, attractive appearance 
with corrosion resistance, high heat and electrical 
conductivity, durability and workability, the 
strong alloys of Alcoa Aluminum provide all in- 
dustry with metals the use of which helps it move 
forward to new accomplishments. 


The strong alloys of Alcoa Aluminum can be 


cast, forged, machined, welded and otherwise 
fabricated much the same as, but with advantages 
over, other metals. Standard metal working equip- 
ment can be used in their fabrication. 


The cost of Alcoa Aluminum and its strong 
alloys is low—comparable to other metals not 
having its specific advantages. Research is con 
stantly advancing the knowledge and the usefu! 
ness of the strong alloys of Alcoa Aluminum. 
Tell us something about your present or pro 
jected product and we will tell you whether it 
can be profitably made of Alcoa Aluminum. 
Address your inquiry directly to ALUMINUM 
COMPANY of AMERICA; 2501 Oliver Building 
PITTSBURGH, PENNSYLVANIA. 
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SC CONTINUOUS ANNEALING FURNACE 
PRODUCTION COST 
PRODUC 


FOR THE PRESSED STEEL COMPANY - WILKES-BARRE, PA. 


T. Pressed Steel Company, 


Wilkes-Barre, Pa., have effected unusual 


savings in production costs with a Surface y, j 


Combustion continuous annealing furnace. 


Surface Combustion Continuous 


Annealing Furnace at The Pressed 
Steel Company, Wilkes-Barre, Pa. Stampings, weighing up to three lbs. each, 
are annealed at the rate of 1000 Ibs. an hour, 
at a temperature of 1500°F.... "We have 
eliminated all pickling, with such expenses 
as acids, tanks, coal to fire steam boiler, and 


four men,” writes J. H. MacVeigh.”We are 


obtaining a very much better product which 


is uniform and which enables us to get out J 


~" more production and less breakage.” 


>> SUBSIDIARY OF HENRY L. DOHERTY COMPANY 


Surface Combustion 


Surface Combustion Corporation, Toledo, Ohio - Sales & Engineering Service in Principal Cities 
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[aternational Cooperation 


im Air Craft Materials 


TIONAL. Air Safety Congress held 

its first meeting in Paris last December. Its 
object was to consider subjects and researches 
on safety in the air, and the means of making 
safety more certain. It was a happy thought to 
place this vital subject, which is truly inter- 
national in scope, above purely national bound- 
aries, and this manifestation of world-wide co- 
operation met with great success. 

Among sundry problems examined the 
question of the safety of materials took up sev- 
eral meetings during which 40 papers were 
read and discussed. These papers reviewed all 
the different phases of the aircraft: materials 
problem and they formed a comprehensive sur- 
vey which will be used as a starting point in the 
future, 

The following subjects were studied by the 
recent Congress: 

1. Light aluminum alloys; ultra-light mag- 
tesium alloys; special chromium steels, nickel 
Steels; nickel-chromium steels; chromium- 


ivbdenum steels; steels for cables and stay- 


res, magnets and valves; and all materials 


ployed for aircraft and engine construction. 


2. Corrosion of metals and means to com- 


it; heat treatment; cementation and _ nitri- 


processes; forging and welding. 


H, 1931 


3. Physical tests (hardness, impact, wear, 
fatigue); service fractures; the use of X-rays 
for material control; and the correct method of 
sampling for tests. 

All these subjects form a very interesting 
symposium which will be published later. The 
discussions brought forth the following resolu- 
tions: 

1. To unify corrosion investigations and 
brittleness tests. 

2. To set up a uniform terminology for 
elasticity and plastic deformation under heat, 
(creep phenomena, so called.) 

3. To specify steels not by trade marks but 
by chemical analyses. 

1. To introduce into acceptance specifica- 
tions provisions for sampling. 

». To classify materials in the shop and 
identify them by means of rapid tests (hardness, 
spark or appearance of fracture). 

6. To study in a more thorough and exten- 
sive way the fatigue tests of materials with al- 
ternating stress (both direct and bending) and 
repeated impact tests. 

The Congress emphasized the care taken to 
control and use aircraft materials. I shall write 
later about some of the above problems, espe- 
cially of fatigue tests and of testing of brittle 
pieces such as foundry pig iron. For the moment 
I can only mention the desirability, or rather the 
need, of uniform definitions, tests and measure- 
ments encountered in the study and control of 
metals. 


It is obvious that the lack of accuracy and 
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uniformity in the terms used to define elastic 
limit, fatigue limit, or strength at high tempera- 
tures, is a source of confusion, errors and waste 
of time. Laboratory men and construction en- 
gineers cannot avail themselves of the results of 
metallographic studies and therefore they may 
make mistakes which cause accidents. It is be- 
yond doubt also, that the want of a rational 
and standard test for cast iron and for corrosion 
resistant metals is an impediment to the appli- 
cation of the remarkable improvements now 
being made on these materials. 

In a word, the want of adequate, precise 
and universal definitions for properties as well 
as for tests, has a detrimental effect upon the 
development of aviation, upon the rational use 
of materials, and upon safety. 

ALBERT PoRTEVIN 


aris, France 


Large Output of Steel 
from Cold Charge 


CEL ECONOMY is everywhere of the utmost 

importance in steel-making processes, espe- 
cially in these times of keen price competition. 
It is still more essential in Italy, where the high 
cost of coal, most of which is imported, is not 
completely balanced by the low cost of labor 
and other items which form the total cost of 
production. 

Very important savings have been obtained 
recently by the Terni steel works with a new 
tvpe of open-hearth furnace designed by Mr. 
Fiorelli. 

The first of these new furnaces was erected 
in 1926. Because of the good results obtained, 
other furnaces of the same design have been 
built in the Terni and in other stecl works. To- 
dav cight such furnaces of varving capacities 
are working regularly and all have confirmed 
the good results of the first. 


In the Terni furnace the air is blown by 
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fans through two uptake flues placed on bo 
sides of the gas flue and a special chamber js 
provided where gas and air are complete|, 
mixed before entering the hearth. The gas and 
air ports are so arranged that the velocity of the 
flame, its inclination, and the conditions of com- 
bustion can be easily regulated. This regula 
tion is assisted by proper use of the air fans 
Flame conditions are changed appropriate! 
during the different periods of the melting and 
refining processes. 

In order to give a general idea of the results 
obtained I may say that a certain 40-ton furnace, 
which before being altered to the new design 
used to make 150 heats in one campaign before 
general repairs would be needed, during which 
time 16,000 tons of steel would be produced, 
now makes regularly more than 1,000 heats per 
campaign with a total steel output of 45,000 tons. 
The hearth of this furnace is 11x28 ft. The cold 
charge includes about 85‘. of ordinary steel 
scrap and about 15‘c solid pig iron. During the 
series of heats above mentioned only small re- 
pairs were made to the front and back walls 
and to the roof; the air and gas ports were not 
repaired, 

The fuel consumption is well below 20) 
of the steel output. Water cooling is completely 
eliminated. Also the consumption of refractory 
bottom was greatly decreased after rebuilding 
the furnace. 

Another 50-ton furnace, of the same new 
design with the same solid charge, gives a dail) 
output of more than 200 tons of steel, with a 
coal consumption slightly below 

Three smaller furnaces corresponding to 
the normal 30-ton size, installed in the Oreglia 
steel works, have given equally good results 


each one producing more than 180 tons dail 


from a solid charge including 86‘. ordine 
steel scrap and 14. pig iron. The fuel « 


sumption of these smaller furnaces likewis: 
less than 20°. of the steel output. 

The new medium sized Terni furn 
a cold charge, vencrally pro 


when meltit 


between 53 and 57 Ib. of steel hourly per sq 


of hearth, while for ordinary open-hearth 
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es it seldom goes above 48 Ib. The output per 
hour and per unit of hearth of the new Terni 
furnaces of medium size, working a cold charge, 
is not far below that of large open-hearth fur- 
naces working a molten charge, which is gen- 
erally considered to average between 60 and 62 
i). of steel per sq.ft. of hearth. 

Other furnaces of the new Terni design are 
now under erection in steel works of different 
European countries. 

Freperico 
Turin, Italy 


X-Ray Studies on 
Quenched Steels 


BOUT five years ago the American scientists 
Fink and Campbell (and independently of 
them, the Russians Seljakow, Kurdumoff and 
Goodtzoow) made the discovery that quenched 


quenched fram 980°C et 
104% quenched fn 1100 
120%C quenched fem 100° | 
quenched for 160° 
momen 


ijraction Spectrograms of 
One nched Carbon Steels, Powder 
Vethod, By EF. Ohman 


H, 1931 
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Upper Diagram Indicates the Rela- 
tionship of Lattice Dimensions and 
Carbon Content of the Tetragonal 
Martensite Phase. Lower diagram 
is the volume per lattice point of 
the tetragonal martensite phase and 
volume per iron atom of austenite, 
as it varies with carbon content 


carbon steels contain a tetragonal phase which 
has a structure not very different from that of 
a-iron. This statement was received with great 
interest and has since been investigated by a 
number of scientists in different parts of the 
world. Kurdumoff and his collaborators have 
been specially successful in determining the 
properties of this important steel constituent. 

The phase may be considered a solid solu- 
tion of carbon in e-iron, the distortion of the 


lattice of the metal evidently being due to the 


presence of carbon atoms. The axial ratio in- 
creases from about 1.03 at OS carbon to 1.06 
lo 1.07 at 1.6 carbon. Kurdumot?l has shown 
ina diagram how the lattice dimensions change 


with the carbon content When the stcel is tem- 
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pered at 100 to 150° C. the axial ratio decreases 
continuously, finally attaining the value of 1 as 
the lattice dimensions become exactly those of 
pure a-iron. The tempering evidently causes 
the tetragonal phase to precipitate its carbon 
content, forming a mixture of cementite and 
a-iron, 

Einar Ohman of the University of Stock- 
holm has recently confirmed these results, using 
the Fe-K radiation and the focussing camera 
constructed by G. Phragmén, which gives a 
higher dispersion than the cameras generally 
used. His diffraction diagrams, some of which 
are reproduced herewith, show how the X-ray 
patterns of quenched steel change with the 
carbon content and heat treatment. The varia- 
tion of lattice dimensions of the tetragonal 
phase is shown in the diagram. The curves ob- 
tained agree perfectly with those secured by 
Kurdumoff. 

Another curve shows how the volume per 
iron atom of austenite retained in the quenched 
specimens grows with increasing carbon coulent 
and also how the calculated volume per lattice 
point of the body-centered tetragonal marten- 
site phase increases with the carbon concentra- 


tion. As the interstices of the body- 


carbon atoms in the solid solution of carbon 
a-iron. This assumption seems in fact to be | 
only one which is compatible with the exp: 
mentally-determined density values of quenched 
steels. If all the axes of the C,-groups in thy 
lattice are assumed to be oriented alike, a sub- 
stitution of this kind also naturally explains 
the tetragonal symmetry of the solid solution of 
carbon in a-iron. 
ARNE WESTGREN 
Stockholm, Sweden. 


SLarpneces Tests for 
Different Razor Blades 


OUR years ago the present writer constructed 
and announced a new instrument for test- 
ing quantitatively the sharpness of cutlery in 
the Journal of the Iron and Steel Institute. This 
instrument, manufactured) by Tinius Olsen, 
Philadelphia, is now used by many cutlery 


manufacturers and dealers in Japan, and has 


centered lattice are much smaller 
than those of the close-packed cubic Trade Name 
y-iron lattice, it might be expected ; 
that) the volume curve of the 
tetragonal phase should rise more Ciara 
steeply than that of austenite, pro- Ever-Rea 
vided both solid solutions are of the Geonen 
sume kind. this is contrary to 
what the diagram shows, it may be Alb 
taken as a sign that the tetragonal hare ‘9 
phase is not an additive product of a: — 
the same kind as austenite. Nor Japanese 
can it be formed by a simple sub- Beore (7) 
stitution, for then because of the rel- Riku 
ative smallness of the carbon atoms B 
the lattice dimensions would dintin- trgltsh | 
ish with increasing carbon content. , Valet (1) 
Ohman has, however, recently — 
tested a third possibility, that iron Swiss - 
atoms are replaced by groups of two eee 
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served to advance the art of making sharp im- 
ments. Front and side views of this new 
nstrument are shown in the accompanying 
photographs. The principle is very simple and 
is deseribed below. 

The cutting edge of a blade is brought in 
contact under a definite pressure with a narrow 
hand composed of sheets of paper, about 1 cm. 
wide and 3 em. thick, placed just above the 
edge of the blade and perpendicular to it. The 
sheets of paper are then moved to the right and 
left a definite number of times. The number 
of sheets cut during this standardized motion 
is taken as a measure of the sharpness of the 
implement. Since this sharpness depends on 
the kind of paper and on the pressure, it is al- 
ways necessary to use the same paper and the 


same load. The length of the backward and 
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forward motion must also be fixed conveniently 
at 2 cm. 

The sharpness of cutlery as defined above 
decreases repidly as the number of cuttings 
increase; in fact it decreases logarithmically. 
The number of cuttings required to reduce the 
initial sharpness to half its initial value is there- 
fore defined as the “life” or “durability” of the 
blade. A good blade must have a high initial 
sharpness combined with a great durability, 
both of which can be measured by the present 
instrument. 

The present writer has recently made ex- 
tensive tests of commercial safety razor blades 
of both home and foreign manufacture. The 
initial tests were made on blades just as they 
come from the stores, not stropped or honed. 
The total pressure on the blade was 1000 grams; 
results are shown in the table printed at the 
bottom of page 88. 

Blades marked by (1) are single-edged, 
while others are double-edged. The figures in 
the table are all the mean of tests on three 
blades of each respective maker. It is interest- 
ing to note that single-edged blades have gen- 
erally a greater durability than those of the 
double-edged ones. You will also find from the 
table that America and Germany are making 
blades of a high class which possess an initial 
high sharpness combined with a great dura- 
bility. and that the blades made in other coun- 
tries are not much inferior to those just referred 
to. A blade possessing a high sharpness num- 
ber will give the user the sensation of a soft 
touch when shaving. 


Koraro Honpa 
Sendai, Japan 


A New View 
for the Future 


The year 1930 is gone forever, and so are 
1929, and 1928 and all the rest of them. The 


word has gone out to try to revive the era of 
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1920 by “normal spending” and by encourage- 
ment of faith and confidence in the economic 
structure of the immediate past. This seems 
obviously the wail of those who cannot change, 
and for the reconstruction of an economic struc- 
ture that fell of its own weight. 

It now seems plain that the period pre- 
ceding and including 1929 will not go down in 
history as the great era we thought it was. It 
was a period of development of mechanical 
jimeracks and dissipation of natural resources 
Which stimulated many kinds of trade, result- 
ing in a stock gambling hitherto unknown. 
Contrary to popular opinion, it was not an era 
great in scientific development. It was one of 
application of earlier scientific thought, the first 
success of which created an over-stimulated en- 
thusiasm that ran far. 

History will show this as a period of me- 
chanical development almost devoid of  ad- 
vances in other arts of life. Most of the things 
that contribute to human satisfaction have been 
woefully neglected. Not only have these things 
been neglected, but greatly subordinated by our 
one-sided mechanical development. 

Materialism, having to do with our food, 
clothing and homes, did not receive its propor- 
tionate share of attention. We talked, but have 
done little since the day of Benjamin Franklin's 
stove, about temperature control, lhumidifica- 
tion, ventilation and the use of light rays in our 
dwellings. 

From child training to and including the 
marriage relations, small gain in understanding 
has been accomplished. Social contact, includ- 
ing the attitude of the people towards govern- 
ment, is devoid of advancement. The arts of 
painting and music have not enjoyed increased 
participation. Literature of the day, apart from 
the new sure-fire type, is devoid of real inspira- 
tion and creation. 

The way to recover from this economic 
chaos, brought about by one-sided over-indul- 
gence, is not by trying to revive the dead past 
but by recognizing the factors that are influenc- 
ing our lives and individually contributing what 
we can in these other pursuits and in our rela- 
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tions with each other, in the hope that as y 
move on we move nearer Utopia. 
Arruur T. CLarace 


Chicago Heights, IL. 


German Engineers 


Study Welded Joints 


NE of the most important subjects dis- 

cussed at the last meeting of “Verein 
Deutscher Ingenieure” was the recent improve 
ments in welding methods. 

Germany is a country which is, both in a 
literal and in an implied sense, studded with 
“Forbidden” signs. The use of welding has 
been somewhat held back by this fact. Govern- 
ment authorities have now, however, given per- 
mission to use welding for structural steel work 
with the result that more and more welding is 
replacing bolts and rivets in buildings, con- 
tainers, railroad cars, bridges, and smaller 
fabrications. Welded steel is also replacing 
castings for motor crank cases and similar pul 
poses. Welding is also extensively used in the 
manufacture of pipe, especially in the larger 
dimensions such as used for lengthy pipe lines 
for gas. 

A new method of electric welding has been 
introduced by M. Zack (Oxyearbon Schweiss 
draht G.m.b.H., Kéln). An increased efficiency 
is claimed for this alternating current method, 
since it loads equally the three phases of the 
electrical supply. It is possible to work with 
two sets of electrodes simultaneously; ne 
possibilities in regard to the execution and com 
position of the weld are claimed. 

A new method, launched under the trad 
name of “Arcogen” welding, relies on a com 
bination of acetylene and electric are weldin 
It has been developed by the Griessheim Aut 
gen A.G. and A.E.G. It claims to combine t! 
advantages of electric and acetylene gas wel: 


ing; through the use of the gas flame in front : 
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the are a considerable increase in the speed of 
welding is also obtained. Special coated and 
uncoated welding rods are said to lend favor- 
able properties to the welded joint. 

Oxy-acetyvlene welding has also been the 
subject of extended investigation. The influ- 
ence of different tips and of impurities in the 
vases, as well as the influence of varying pro- 
portions of acetylene and oxygen, has been de- 
termined. The deductions are that economical 
production is mainly dependent, not on the 
pressure of the gases, but on the speed with 
which the gases pass through the tip. Fastest 
welding is obtained with absolutely pure acety- 
lene and oxygen. According to E. Wiss, a 2.5‘, 
of water vapor in the acetylene will reduce the 
speed of welding from 7 to 11‘. 

It has been found that the suitability of a 
gas for welding purposes is not 
indicated by its B.t.u. value but 
by the maximum temperature 
obtainable in its flame.  Exten- 
sive investigations show that the 
best welding results are obtained 
with the ratio of oxygen to acety- 
lene is between 1.0 and 1.2.) With 
less oxygen the weld is unevenly 
carburized; on the other hand a 
surplus of oxygen in the flame 
causes the welded parts to absorb oxygen (as 
can be shown by the usual vacuum analysis.) 
However, except under extremely faulty work- 
ing conditions when hot brittleness may occur, 
the strength of the weld is not decreased by a 
surplus of oxygen, at least not up to proportions 
of two to one. 

The influence of nitrogen on the weld has 
been studied by J. Fuchs. His published reports 
show that considerable variations in nitrogen 
content occur but that nitrogen under otherwise 
hormal conditions hardly has a detrimental in- 
fluence on strength. These conclusions do not 
check the results of other investigators. 

To increase the tensile strength above that 
obtainable with plain carbon steels (55,000 to 
“1.000 Ib. per sq.in.), alloy steels with chro- 
nium, chromium-nickel, chromium-molybde- 
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hum and chromium-vanadium are being used. 
A tensile strength up to 105,000 Ib. per sq.in. in 
the weld is thus obtainable. Such a_ high 
strength in the weld has, however, only been ob- 
tained through subsequent forging, annealing, 
and other heat treating operations on the 
welded parts. 

In untreated welds the tensile strength is 
usually only about half of the strength of the 
alloy rod, and in endurance tests the results 
show even less favorable proportions. After 
proper treatment the tensile strength of the 
weld can be counted as 90°. of the strength of 
the surrounding steel; endurance tests show 
about 65‘. of the values for forged steel of 
similar analysis. 

Opinion is divided on the comparative ad- 
vantages of coated and uncoated welding rods. 
Several new investigations indi- 
cate that under proper procedure 
the bare rods give results that 
are not lower in strength than 
those obtained with coated rods. 
Further investigations, under 
carefully controlled conditions, 
are necessary before definite 
answer can be given. 

Among the high alloy steels, 
the results of welding the non- 
rusting and non-corrosive steels used for large 
chemical apparatuses and similar purposes, are 
the most interesting. The question of intercrys- 
stalline corrosion is of deciding influence on 
parts whose size or dimensions preclude forg- 
ing and annealing after welding. This phe- 
nomenon has been studied at Krupp’s, and new 
allovs have been developed from = their well- 
known Nirosta steels, that can be heated to the 
critical temperature range of 600 to 7000 C. 
without showing any intercrystalline corrosion. 
It is, therefore, possible to weld these alloys 
without submitting them to subsequent treat- 
ment. 

Great interest is now shown in the develop- 
ment of non-destructive testing methods. 

Kk. W. Eun 


Cannstatt, Germany 
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These notes on the 
nickel industry have 
been prepared at the re- 
quest of the Non-ferrous 
Data Sheet Committee 
of the Institute of Metals 
Division, American In- 
stitute of Mining and 
Metallurgical Engineers, 
and the Recommended 
Practice Committee of 
the American Society 
for Steel Treating. They 
will be included in the 
newt edition of National 


Metals Handbook. 


BY A. J. WADHAMS 


Noes ores worked as sources 


fall into three main classes: (1) Sulphide, 
represented chiefly by the pyrrhotite, pent- 
landite and chalcopyrite ores of Connecticut, 
Pennsylvania, Canada, and Norway. Small 
quantities of ores of this tvpe have been mined 
in Sweden, Italy, China, Tasmania, South Af- 
rica, Great Britain, India, California, and Mis- 
sourl, (2) Oxidized ores of the garnierite type 
occur chiefly on the border of North Carolina 
and Tennessee and in the island of New Caledo- 
nia in the South Pacific. Similar ores occur in 
Borneo, Madagascar, Spain, Russia, Cuba, and 
Oregon. (3) Arsenical ores occurring in On- 
tario, Colorado, New Mexico, Saxony, Bohemia, 
and France. Other sources of nickel are small 
fractions in many of the copper ores, in man- 
ganese ores of the early class known as wad, and 
in nickeliferous iron ores, such as those of Cuba. 


Smelting and Refining 


International Nickel Co. Process. the 
Orford (International Nickel Co.) process, the 
ore is ground fine, classified, roasted in Dwight- 
Llovd sintering machines, smelted in reverber- 
atory furnaces, and then charged into convert- 
ers with siliceous flux to produce a liquid slag 
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Nickel 


mdustry 


which carries off the iron. The bessemer maite 
so produced is fused with sodium sulphide, or 
sodium sulphate (nitre cake) and coke. The 
product solidifies in two layers. The first layer 
known as “tops” contains copper and iron sul- 
phides; the second layer known as “bottoms” 
contains nickel sulphide. Re-smelting these tops 
and bottoms progressively purifies the product. 
The sodium sulphide is recovered from tops in 
refining the copper. The copper is blown to 
blister in basic-lined converters refined 
electrolytically. The bottoms, containing nicke! 
sulphide and a small quantity of copper, are 
washed to remove the mechanically enclosed 
sodium salts and roasted to remove the sulphur 
The oxide is reduced to metal in reverberator) 
furnaces and cast into anodes. 

Electrolytic Process.—The electrolytic retin- 
ing process for nickel has been so perfected tha! 
electrolytic nickel of high purity can be obtained 
in place of less pure shot and ingot nickel. Th 
usual practice is a nickel sulphate electrolyte. 
purified continuously, and maintained at a hig! 
state of purity in contact with the cathode. An 
odes made from roasted nickel sulphide bo! 
toms have low iron and sulphur contents. Ear! 
producers of electrolytic nickel were V. N. Hy! 
nette and D. H. Browne. The principles work: 
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ut by them are still in 


Ut 
use. but with changes 
made in mechanical han- 


ding as better facilities 
have been developed. The 
present practice of refin- 
inu from ore to bottoms to 
anodes to 99.95% nickel 
(plus cobalt) cathode is 
c<nown as the Stanley proc- 
ess. The cobalt content 
range is 0.30 to 
Vond  Process.—The 
Mond Nickel Co, process 
depends upon the prop- 
erty of nickel forming a 
volatile compound with 
carbon monoxide up to 
about 80° C. and releasing 


the nickel as metal at 


about 200° C, 

Crushed Bessemer 
matte is shipped to the re- 
finery at Clydach, South Wales, where it is cal- 
cined to drive off sulphur and treated with hot 
dilute sulphuric acid to dissolve out the copper. 
The nickel oxide is reduced to metal and treated 
with carbon monoxide gas to form nickel car- 
bonvl. The nickel-laden gas is then passed over 
pure nickel pellets at a somewhat higher tem- 
perature. The increase in temperature releases 
the nickel as metal which is deposited on the 
pellets. The regenerated carbon monoxide is 
used as a nickel carrier over and over again. 

Refining New Caledonian Ore.—New Cale- 
donian silicate ore (garnierite) is smelted to 
matte. The sulphur is supplied by adding gyp- 
sum or any alkaline sulphide to the furnace. 
the matte is blown to a high grade in bessemer 
converters, and the iron is eliminated in the 
slag. After roasting to drive off the sulphur, 
the oxide is made into a plastic with reducing 
materials and produced in shape of cubes or 
rondelles. 

Grades of Nickel.—Nickel is marketed in 
various forms, depending upon the use intended. 
these forms are: (1) grains, cubes, rondelles, 
Which are reduced from the oxide at low tem- 
peratures without fusing; (2) nickel pellets pro- 
duced by decomposition of nickel carbonyl gas 
“'hout fusing; (3) electrolytic cathode sheets 
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Most of the World’s Nickel Comes From 
a Small Area near Sudbury, Ontario 


by remelting electrolytic nickel which is cast 
into pig molds or poured into water without de- 
oxidation; (5) malleable nickel produced by 
pouring into ingot molds after deoxidation. 
Malleable nickel is marketed in the forms of hot 
and cold-rolled sheets, hot-rolled cold- 
drawn rods, wire, strip, and seamless tubing; 


(6) nickel salts: and (7) nickel oxide. 


Uses im Ferrous Alloys 


Nickel Steel——Nickel steels are used for 
structural purposes where strength and tough- 
ness are required. Typical applications include 


transportation and power fields, naval and ord- 
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Large Hoisting and Extensive 

Mining Equipment and Enor- 

mous Concentrating Plants Are 

Necessary to Get the Ore Ready 
for Smelting 


ually free from hard spots as wel! 
as chilled edges. 

Certain cast iron compositions 
carrying nickel have recently been 
developed to take advantage of 
their special properties. One of 
these containing up to 2% nickel is 
capable of developing over 50,000 Ib, 
per sq.in. tensile strength. A cast 
iron with about 14° nickel and 
some copper and chromium is a 
good corrosion and heat resisting 
alloy. Another special iron with an 
extremely hard chilled surface con- 
tains up to 4.5%¢ nickel and over 
0.75% chromium. The chill is gran- 
ular, stronger, and 150 to 250 Brinell! 
numbers harder than that of ordi- 
nary chilled iron. Because of its 


toughness and resistance to wear, 


nance construction, and locomotive firebox 


plates. Because of the space and weight limita- 


tions which necessitate a material of greater 


strength for equal or less weight to obtain the 
necessary power, nickel steel boiler plate is 
coming into general use for marine, locomotive, 
and stationary boilers. 

Nickel and nickel-chromium steels are used 
for a wide variety of forgings for structural 
parts subjected to high alternating stresses. Steel 
castings and roller bearings are also examples 
of nickel steel applications. 

Nickel Cast Tron._Nickel is used in gray 
iron to refine the grain; to reduce or eliminate 
chill; to obtain maximum machinable hardness; 
to increase wear Pesistance, strength, density, 
and resistance to corrosion and heat. Thin sec- 
tion castings on which the production loss is 
heavy through breakage due to chill are being 
produced without breakage by adding a small 


amount of nickel. Nickel-iron castings are us- 
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which is several times that of chilled 
iron, this alloy finds application 
where it is subjected to abrasion, grinding, and 
frictional wear. 

Nickel-Chromium-lron Alloys.—A_nickel- 
chromium-iron alloy with a combined nickel 
and chromium content of 26 to 32° is a general 
purpose alloy of good corrosion resistance and 
good mechanical properties. The common com- 
position for this alloy is 18¢¢ chromium and & 
nickel. It is referred to usually as “18 and 8 al- 
lov” and frequently, but ambiguously, as “stain- 
less steel.” Other alloys with rather similar 
characteristics contain around nickel and 
8‘. chromium, 

Another nickel-chromium-iron alloy with © 
combined nickel and chromium content of ap- 
proximately 35 to 75‘: is essentially a heat r™ 
sisting alloy. The heat resisting compositions 
have been in use for a longer time than the gen 
eral purpose alloys and carry from 20 to 60 
nickel and 8 to 30° chromium. A rather lars: 


number of compositions within these ranges 
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commonly produced, some being better” in 
strength at high temperatures, others in dura- 
bility. A commonly used type carries 60° nickel 
d lo’ chromium, and an important applica- 
of this alloy is resistance heating elements. 
\ number of modifications of both of these 
general nickel-chromium-iron alloys are of 
importance commercially. 
Vickel-Iron Alloys.-With increasing nickel 


ent above 25‘. the thermal expansivity in 
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nickel-iron alloys decreases to relatively zero at 
36° nickel. This latter patented composition, 
invar, is used for tape measures and other 
measuring devices, in watch parts, and in con- 
struction of automotive pistons. Other patented 
nickel-iron compositions have expansion coefli- 
cients equalling those of glass and platinum. 
Nickel-iron alloys in the range of 20 to 30°, 
nickel can be made non-magnetic by suitable 


heat treatment. An alloy carrving 9 to 13% 
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nickel with a small amount of manganese finds 
use as a non-magnetic cast iron. The magnetic 
quality of the nickel-iron alloys (permeability, 
temperature coefficient, and hysteresis) is sensi- 
tive in its dependence on composition, heat 
treatment, and cold work. 

Permalloy contains about 80°. nickel and 
has a high magnetic permeability at low field 
strengths. This alloy is the most important 
nickel-iron alloy and is used in the form of wire, 
strip, and a compressed brittle powder. With 
much the same magnetic properties, a some- 
what similar alloy, except that it carries copper, 
known as mumetal, is a British development. 

A 50° nickel-iron alloy, hipernik, has par- 
ticularly high permeability and low hysteresis 
loss at low inductions, making it suitable for the 
cores of current transformers and audio-fre- 
quency transformers. By means of a special 
heat treatment, this same composition is given 
the property of a relatively constant permeabil- 
itv for a considerable range of flux density, and 
with this property is known as copernik. Still 
another alloy, known as “A” metal and carrying 
44°. nickel and a low copper content, is used 
in loud speaker construction, audio-frequency 
transformers and impedances, and rectifier filter 
chokes, since it characteristically gives very lit- 
tle distortion. 

certain 
nickel-iron-cobalt ternary system, in which the 


range of composition of the 


nickel and cobalt are about 45 and 25° re- 


96 


spectively, is characterized by a constant per- 
meability in the lower range of the magnetiza- 
tion curve, a small hysteresis loss at the same 
‘ange, and a constricted hysteresis loop at the 
origin for medium flux densities. 

Still another eccentric nickel-iron alloy is 
that known as elinvar, carrying about 36° 
nickel and some chromium and silicon, whose 
important and unusual property is a low tem- 
perature coeflicient of the elastic modulus. It is 
used for springs and in scientific metric instru- 
ments. The elastic modulus is practically inde- 
pendent of temperature between 50 and 100° ©. 


Uses in Non-Ferrous Alloys 


Monel Metal.—tThis is the trade marked 
name of a copper-nickel alloy which contains 
about nickel, 28‘. copper, iron, together 
with small amounts of carbon, manganese, and 
silicon, and is made directly from the copper- 
nickel ores of Sudbury, Ontario, by roasting the 
copper-nickel converter matte and reducing the 
resulting oxide to metal with charcoal. 

The alloy is silvery white in color and its 
principal industrial assets are corrosion resis!- 
ance, ease of fabrication by all usual methods, 
and wide range of mechanical properties. 

Its corrosion rate is low in most corros!\¢ 
media, including dry and moist atmosphere, 
fresh and sea water, solutions of most inorga!'i¢ 
salts, alkalis, and acids. Some media attach |! 
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ciably, such as the solutions of ferric salts, 


urous and nitric acids, and free halogens. 


he alloy is quite malleable, both hot and 
and is machinable. It finds wide applica- 
n the food, chemical, mining, building, and 
sinvlar industries because of its rustless and 
sion resisting properties. 
Valleable Nickel. Malleable sheet nickel is 
used for dairy equipment, fish packaging equip- 
ment. hotel and restaurant kitchen equipment, 


d cooking utensils. Four per cent manganese- 


nickel is used for automobile spark plugs, py- 
rometer protective tubes, and all types of high 
temperature service. Seamless nickel tubing is 
widely used for condensers, refrigerating ma- 


chinery, caustic evaporators, and similar equip- 


ment. Over twenty countries have struck and 
have in circulation coinage of pure nickel. There 
seems to be at present a tendency towards the 
general adoption of pure nickel coinage to take 
advantage of the better appearance. 

Nickel Plating.One of the oldest uses for 
nickel is nickel plating, which continues to be 
important aesthetically and as a_ preventive 
against the rusting of steel. Thicknesses of less 
than 0.0001 in. were usual, but it is now com- 
mon practice to develop thicknesses of 0.0005 to 
0.001 in. 

The present widescale development of 
chromium plate has been made possible with 
the aid of underlying layers of nickel plate. It 


has been invariably found true that chromium 


Burning 
Sulphur 
Out of 
Matte Is 
Important 
Step In 
Smelting 
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is deposited much more satisfactorily on nickel 
than on any other metal, and also that the 
chromium layer alone, as commercially applied, 
will not protect steel from the weather but is 
dependent on an intermediate’ thickness of 
nickel. 

Copper-Nickel Alloys. 
form solid solutions in all proportions which are 
ductile and malleable throughout the entire 
Even in small amounts nickel decolor- 


Nickel and copper 


range. 
izes copper. Copper-nickel alloy, containing 
d0°, nickel, is used for remelting in the manu- 
facture of nickel-copper alloys. An alloy con- 
taining 10 to 45%. nickel is marketed under a 
variety of trade names for pyrometer and elec- 
trical resistance wire. 

Over fifty countries have in circulation coin- 
age of copper-nickel alloys. The common com- 
position is like the U.S. five-cent piece, which is 
25°. nickel. 

Copper-Nickel-Zine Alloys. Nickel silvers 
(German silver or nickel brasses) comprise one 
of the oldest uses of nickel. Nickel silver is used 
as a base for silver plating particularly spoon 
stock, dishes, platters, miscellaneous jewelry, 
and bric-a-brac. It is used for key stock, do- 
plumbing fixtures, springs, electrical 
Protected 


mestic 
wire, and soda fountain equipment. 
by a lacquer coating, it is suitable for all sorts 
of small ornamental hardware, architectural 
grill work, and casements. 

Nickel Bronzes. 


ings, 1 to 5‘ nickel refines the grain and elimi- 


In bronze pressure cast- 


nates porosity. In valve bronzes, nickel im- 
proves hardness and strength at steam temper- 
atures. It is used in high lead bearing bronzes 
to prevent lead segregation. 

Nickel-Chromium Alloys._-The alloys. of 
nickel and chromium, with 80°) or more nickel, 


have two important characteristics resistance 


\ 
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to oxidation at high temperatures (up to al) sy 
2150" F.), and high electrical resistance. Ax 
result this series of alloys is widely used for pe- 
sistance heating elements in electric furnace 
Nickel-Gold White gold carries 


from 14 to 19% nickel, depending on the carat, 


Alloys. 


color, and hardness desired. This use absorts 
about 20,000 Ib. of nickel annually. It has been 
the practice in recent vears to add a per cent oy 
two of nickel to vellow and green golds for thy 
purpose of hardening the gold which otherwis: 
would be too soft for ordinary wear. 

Nickel tn Light Alloys. 
casting alloys, the use of approximately 


In aluminum dix 
2 

nickel improves the casting properties in chilled 
molds and gives improved color and structury 
These castings are used in making automiobik 
steering spiders, vacuum cleaner bodies, and 
Nickel is also added 


to special light alloy casting compositions for 


miscellaneous hardware. 


automotive pistons and for other applications 


involving relatively high temperatures. 
Miscellaneous Uses of Nickel 


Edison Storage Battery.—The_ iron-nicke! 
hydrate Edison storage battery is universally 
known. It requires annually substantial amounts 
of nickel in metallic, oxide, and reduced form, 
both for the active chemical constituents of the 
cell and in the plating of the steel parts of which 
it is made. 

Nickel Nickel 


been used chiefly in the hydrogenation of un- 


Catalysts. catalysts have 
saturated oils, such as cotton seed, for the pro- 
duction of edible fats. Nickel catalysts are also 
used in the cracking of petroleum, desulphuri- 
zation of domestic coal gas, and various types 
of synthesis from acetylene, carbon gases, and 


atmospheric nitrogen. 
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matlleable 


by 


Anneal.. 


Mi: TIME, money, and 


thought have been given by those in the malle- 
able iron industry to the development of the 
“short cycle” anneal, but the results to date have 
been mostly unsatisfactory, as indicated in an 
The 
problem of annealing within the limits of a few 


article in Merat ProGress last November. 


hours has been solved in the laboratory, but | 
know of no plant where this is being done on 
a commercial scale. The nearest approach is 
the practice developed by the Southern Mal- 
leable Tron Co., East St. Louis, HL, which has 
succeeded in reducing the period from around 
ly days to 4 days through the use of metallurgi- 
cal control and correctly designed furnaces. 
lt is well known that the change desired 
includes the absorption of free cementite into 
solid solution in iron, and the precipitation 
of the absorbed carbon from the solid solution 
in the form of graphite or “temper carbon.” 
lhe first part of this change takes place very 
quickly at high temperatures, on the order of 
2.000 


is lower heats are used. 


1) min. at F., but this time lengthens 
For example, the time 
inercases to 30 hr. with only about 50° drop in 
erature, 

On the other hand, precipitation (the sec- 


one part of the change) is speeded up with a 
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PHILLIPS 


in temperature within the 
1,200) 


progressive decline 
limits of 1,380 and 


when the 


F., the action being 


reversed swing is below the lower 


limit of this range. However, the higher tem- 
peratures quoted for both actions are too close 
to the softening point of castings, and in practi- 
cal operation some compromises are necessary. 

In any event, exceptionally close control 
of the malleableizing cevcle is to be maintained. 
(The processes used by Southern Malleable Lron 
With 


several bars are taken and an analysis made 


Co. are patented.) every melt of iron 
on the spot to determine the heat treatment 
schedule; the latter is changed for every varia- 
tion in the laboratory return as little as 0.05°, 
These test bars are kept for future reference. 
Castings made from each melt are kept sepa- 
rate and are annealed in furnaces operated 
on the schedule specially set up for them. 
The 
operations ranges quite a little higher than the 
1,650° FP. 


the furnace and charge to come up to this heat. 


highest temperature used in_ these 


usual Three days are allowed for 
Successive periods of holding and declining 
temperatures are then emploved, the speed of 
The 


control is so close that test bars placed in the 


cooling ranging 


from 6 to 10 per hr. 


furnace with the castings must show 0.03°. of 
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combined carbon to prove that the work has 
not been overannealed. Each important cast- 
ing has two lugs, one for the plant record and 
one for the customer. 

Permanent records on cards include the 
heat analysis, malleable schedule, temperatures 
taken every half hour, and percentage of com- 
bined carbon at the end. 

The furnaces for this short-cycle anneal 
contain some unique features of design the 
most interesting arising from the fact that they 
are loaded and unloaded from the top, the same 
as soaking pits in steel mills. Pit-tvpe furnaces 
are seen in old-time malleable furnaces, but 
their construction is crude indeed compared to 
a modern furnace. In fact, latter-day trends 
have been toward “through” furnaces, cold work 
going in one end and pushing completed cast- 
ings out the other. 

There are 24 of these furnaces located in 
two groups, back to back. They are fired with 
gas. Combustion equipment was manufactured 
by the Surface Combustion Co., Toledo, Ohio. 


Formerly, some furnaces used in this plant 
were fired with gas and some with oil. Com- 
parative studies have demonstrated that ade- 
quate control was difficult, if not impossible, 
with the oil-burning equipment, so gas burners 
were installed on all the new units. 

Each of these furnaces is 5 ft. long, 6 ft. 
wide, and 8%, ft. high. Wall and bottom con- 
struction includes 9 in. of firebrick and 12 in. 
of powdered insulation. The removable tops 
are flat steel boxes lined with insulating mate- 
rial 10 in. thick. As shown in the views on page 
100, heat is supplied through four gas burners 
located in the front wall in two groups close 
to the opposite ends. Each group consists ol 
a small and a large burner equipped with low 
pressure air-gas inspirators. When starting up 
the furnace or when a new charge is loaded 
in, all four burners are turned on to bring th 
temperature up to maximum in the shortest time 
possible. When this heat has been reached the 
larger burners are turned off, for the ‘we 
smaller ones are sufficient to maintain the tom 
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are provided with recording pyrometers which 
—_—!| * er are housed together in a single room. 
Fourteen other furnaces of the same gen- ce 


eral design are arranged in two groups of 10 
and 4. The units making up the last-mentioned 


group, however, are somewhat larger in floor 


area, each being 12 ft. long, 6 ft. wide, and 8°, 
ft. high. 

The plant is equipped with a monorail 
crane system for handling materials, which 


serves all of the furnaces. Castings are shaken 


Gas Fired Malleableizing 
Furnaces Have Flat Movable 
Tops and Work Is Handled 
In and Out by Mono- 
Rail Crane 


perature. Economy in time, 


capacity, and fuel is’ thus 
established. 
lhe flue is built into the 


same wall as are the burners, 


with an intake about a foot 
above the hearth. With this 
arrangement the products of 


combustion flow over and be- 
tween the stacks of pots con- 
stituting the furnace load, 
down on the other side, and 
return by way of the bottom 


and through the stack. This z 

insures uniform heat distri- 
| bution and maximum effec- 

liveness. All of the furnaces : 

MARCH. 1931 


ane 
= 
we > 


out and brought to the cleaning room in wheel- 
barrows, three of these being lifted by the mono- 
rail hoist at a time, a frame with chains and 
hooks being employed. Cleaned castings are 
packed in specially designed pots and charged 
into the furnaces with the same monorail hoists 
which remove and relocate the covers on the 
furnaces. After malleableizing, the pots are 
removed, castings unpacked, and taken to the 
finishing department with the monorail and 
magnet. 

The Southern Malleable Iron Co., which 
makes castings primarily for the automotive, 
‘ailroad, and stove industries, has developed 
another unique practice, consisting of duplex- 
ing the cupola with a refining furnace. A cupola 
discharges molten iron into a reverberatory 
type of furnace where it is refined and kept in 
a highly fluid state so that molten metal is avail- 
able to the molders at all times. 

The cupola is so designed that it can be 
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Firing System At One End of One of 

the Furnaces. Temporary shed hous- 

ing pyrometer recording heat 
control apparatus ts at right 


drained, refilled, and started on a second heat 
without dropping the bottom, a careful handling 
of the wind aiding materially in this practice 
Melted iron is poured into the reverberatory 
furnace, arriving there at a heat above 2,200 
F., and is then superheated to about 2,840° F 
and the carbon and other elements adjusted to 
the required analysis. A charge can be melted, 
tapped from the cupola to the furnace, refined. 
and tapped into the ladles in 100 min. 

This method also controls the metal analy- 
sis, for several test pigs are cast and examined 
during the refining process. A desulphurizing 
compound is also introduced into the cupola 
through the tuyeres. Castings resulting from 
these carefully controlled operations are natu 


rally of high quality. 
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The Alloy 85—5—5=-—5 


HE alloy known as 85-5- 
5-5 is a copper base alloy 
composed of 85‘ 
ach of tin, zine, and 


copper, 


and 5% 
lead, plus or minus certain 
tolerances. Years ago it was 
called ounce metal, because 
the 


ounce each of tin, zinc, and 


usual mixture was one 


the: lead to each pound of copper 


These notes were prepared by J. 
W. Bolton, metallurgist, the Lun- 
kenheimer Co., Cincinnati, F. L. 
Wolf, technical superintendent 
Ohio Brass Co., Mansfield, Ohio, 
and William Romanoff, technical 
superintendent H. Kramer & Co., 
Chicago, Data Sheet Committee of 
the Institute of Metals and the 
Recommended Practice Commit- 
lee, AS.S.T. They will be in- 
cluded in the next edition of 
National Metals Handbook. 


nonferrous sand cast alloys 
It is estimated that abou 
60,000,000 Ib. of this alloy 
the United 
The alloy 


attributes of 


‘ast’ in 

1929. 
the 
fairly low cost, good physica! 


was 
States in 


possesses 


properties, good casting 
properties, and easy machin 


ability. 


which roughly approxi- 
mates 85-5-5-5. Today this alloy is widely known 
as “eighty-five three fives.” 

The alloy is used for general utility pur- 


yoses where reasonable strength and noncor- 
| g 


The 
the matrix of this alloy closely resembles that 


microstructure — of 


of the binary alloy of copper with 7 or 8° tin 
The coring formation, characteristic in sand cast 


alloys of this type, is well pronounced. As a 


rosive properties are demanded. It is rather 


widely used in the manufacture of many pres- in small amounts. The characteristic 


sure castings, in some cases for bearings, and for 
miscellaneous engineering applications. of lead. 


85-5-5-5 alloy is one of the most widely used 


in the dendritic fillings. (Cont. on page 106 


rule, delta eutectoid is not found, or occurs only 
cored 
matrix contains many small globular particles 
Lead is insoluble and usually is found 


The Newest Way to 


Examine Assemblies! 


Learn what radiography has to cffer your branch of industry 


IN the great battle against waste, radiography has recently become a 

powertul ally for the manufacturer. Non-destructive examination of 
manufactured products . . . assemblies, castings, structure of solid matter 
etc. . . is saving thousands of dollars worth of material from the scrap pile 


Let us send you this booklet which relates the fascinating story of 
industry s new method of detecting flaws. 
Our organization stands ready to cooper- 
ate with you in whatever tests may be nec- 
essary to indicate whether radiography is 
practicable for you. Write for the booklet 


A b aklet 
you should 
read! Write 
for 4a Copy 


How the works of a watch 
look to the x-ray 


today. It may lead to important savings. 
General Electric X-Ray Corporation, 2012 Jackson Blvd., Chica 
GENERAL 2 ELECTRIC 1 Send complimentary copy of “Industrial Application of the X-Ray” | 
X-RAY CORPORATION 
2012 Jackson Boulevard Chicago, IIL,U.S.A. . 
FORMERLY VICTOR XRAY CORPORATION Firm 
Join us in the General Electric program broadcast every ! 
Saturday evening over a nationwide N. B. C. network City State 
METAL 


104 


4 
is = 


\ GREAT MANY PEOPLE will te!l you that the 
biggest single service that five cents can buy 
t lay is a local telephone call. Without ques- 

ion, it is big value... and value that steadily 
grows as new telephones come into your 
neighborhood. 

There are times when telephone service is 
priceless ... when the ability to call instantly 
a doctor, a policeman, or the fire department 
could not be measured in terms of money. 

But it is not alone the emergencies that give 
the telephone its value. There are the common- 
places of every-day conversation .. . in the 
home, the shop, the office... whenever you 
wish two-way communication with any one, 
almost anywhere. 


The telephone has become such an every- 


day, matter-of-fact convenience—like running 
water and electricity —that it is natural to take 
it for granted. It is well to pause occasionally a ; 
and consider the nation-wide organization ot Es 
men, money, and materials that makes this 
vital service possible, and at such low cost. a 
Here 1S a system of the public, for the 
public... run on the barest margin of profit 
consistent with service, security, and expan- cs 
sion, A service that grows as the community *: 
grows ... placing within the reach of an in- ae. 
creasing number the means to talk back and 
forth with people in the next block, the next 
county, a distant state, a foreign country, or a : 
ona ship at sea! ; 
No other money that you spend can bring 


you more actual value. 


* AMERICAN TELEPHONE AND TELEGRAPH COMPANY * 
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There are a number of specifications for 
this alloy, some forty existing at the present 
time. The most widely used of these is that of 
the American Society for Testing Materials, B- 
62-28. The chemical and physical properties 
specified in this specification are shown below, 
and are probably the basis for the majority of 
others. Considerable research is in progress on 
this alloy and a revision of B-62-28 is probable. 


Composition 


Copper 85 + 1% 
Tin 1 
Zine 5+ 1 
Lead 
Iron (max.) 0.25 
Nickel (max.) 0.75 
Phosphorus (max.) 0.05 
Aluminum none 
Sulphur (max.) 0.05 
Antimony (max.) 0.25 
Total other (max.) 0.15 
Physical Properties 
Tensile strength (min.) 26,000 Ib. per sq.in. 


Yield point (min.) 12,000 Ib. per sq.in. 
Elongation in 2 in. (min.) 15% 


The most important factor influencing the 
physical properties of castings made from alloys 
of this type is soundness and freedom from in- 
ternal porosity. The underlying causes of un- 
soundness and the methods for correcting are 


subjects which are touched upon in the cata 
sheets of the American Foundrymen’s Associa. 
tion dealing with this alloy. The Foundry has 
published a serial beginning Aug. 1, 1930. 


Effect of Constituents 


Increase of tin increases the hardness and 
stiffness of the alloy. Increase of zine also acts 
in this direction, but to a less degree than an 
increase of tin. Increase of lead gradually de- 
creases the strength, increases machinability, 
and lowers elongation. 

Free iron even in small amounts causes 
hard spots. Alloyed iron, within the specifica- 
tion, has no pronounced effect. High iron in- 
creases hardness very materially, particularly 
when not in combination, or when nickel is 
present. 

Within the maximum specified, nickel is not 
detrimental. Large amounts of nickel raise th 
freezing point and increase the sluggishness of 
the metal. When sufficient nickel is added the 
cored structure is (Continued on page 11 


THE R. R. MOORE 
FATIGUE TESTING 
MACHINE 


A thoroughly practical and reliable 


machine for determining the life 
of metals. Adaptable to various 
shapes and sizes of specimens. 
e It has proven its value in the 
laboratories of scores of industrial 
corporations, government depart- 
ments and universities. 


WRITE FOR OUR PAMPHLET ON FATIGUE TESTING 


THE THOMPSON GRINDER COMPANY 


1534 WEST MAIN STREET 


- SPRINGFIELD, OHIO 
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BRITTLE stee! after quench in 10°; brine from 1450° F, 
. no draw . . . etched in acid to inspect for cracks. a 

Cc Mn Si. S. Alloys 

inalysis: 020.018 None 

Rockwell hardness C. 65 68 : 


TOUGH steel after quench in 10°% brine from 1450° F. 
...no draw... etched in acid to inspect for cracks. 

Mn. Si. P. 3. Alloys 
1.06 .30 19 .018 .014 None 
Rockwell Hardness C. 66 /68 


{nalysis: 


O' COURSE, we do not claim that this is a reasonable thing to do 
with water-hardening tool steel . . . it is a severe, abusive treatment. 
Perhaps the BRITTLE steel could have been made up into properly de- 
signed tools and survived a careful heat treatment. 


But... all things being equal . . . the TOUGH tool steel will survive a dif- 
ficult design or a mischance in hardening that would ruin the BRITTLE kind. 


Your tool room needs that extra margin of safety to save useless waste of 
labor... and that is why Carpenter subjects its “Extra” and ‘Special’ 
grades of carbon tool steel to hardness tests. Only the TOUGH kind is 
ever permitted to leave the mill and go into Carpenter warehouse stocks. 
Almost any sized round, square or flat is available for immediate 
delivery to your plant. 


Let the nearest Carpenter warehouse supply your 


requirements with TOUGH Carbon Tool Steel. 


4 


<<<<<<<<<<< << 


MILLS AND MAIN WAREHOUSES: READING, PA, 


BRANCH WAREHOUSES: 
INDIANAPOLIS 


} 


CHICAGO 
1516 CARROLL AVENUE 


CLEVELAND 
11S HAMILTON AVE 


DETROIT 
6187 WARREN AVE. W. 


HARTFORD 
3284 MAIN STREET 


633 FULTON STREET 


sT LOUIS 
4063 FOREST FARK AVE. 


PHILADE| PHIA, HORACE T. POTTS @ CO., EAST ERIE AVENUE AND D STREET 
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broken up and the color of the alloy changes. 

Phosphorus is usually employed as a deox- 
idizer. For this purpose not more than a trace 
need be retained in the final alloy. Appreciable 
amounts lengthen the freezing range of the al- 
loy and increase its fluidity to a marked degree. 
Phosphorus increases the hardness and in some 


cases has a tendency to discolor the surface of 


the castings. It also increases the tendency of 


the castings to show “burning in” and conse- 


quent rough appearance. 
Aluminum Rigidly Excluded 


Aluminum is an extremely dangerous im- 
purity and even a few hundredths of a per cent 
are apt to ruin the alloy, because they make the 
castings very unsound. Aluminum apparently 
alters the crystallization characteristics of the 
alloy very markedly. Even very small amounts 
sometimes cause lead sweat. 

Silicon, although not mentioned in the 1928 
specifications, is also a dangerous impurity. As 
much as 0.05° is likely to produce decided un- 


soundness. It apparently goes into solid sy. 
tion and affects the crystallization charac) or. 
istics of the alloy. In leaded alloys, the tond- 
ency toward the formation of dross from ay 
interaction between silicon and lead compounds 
is pronounced, 

Sulphur within the amounts allowed by the 
specification is not likely to cause trouble. Sul- 
phur seems to promote sulphide inclusions, 
which if not too great in amount do not seri- 
ously impair the properties of the alloy. 

Antimony up to the maximum allowed by 
the specification apparently does not cause trou- 
ble. Its effect on this alloy has not been thor- 
oughly investigated, or at least published results 
of investigations are scarce. 

Ultimate tensile strength in average foun- 
dry practice is about 30,000 Ib. per sq.in. How- 
ever, foundries maintaining rigid technical con- 
trol are able to exceed this average materially 

The modulus of elasticity of this alloy must 
be established arbitrarily, since no very definit 
proportional limit is apparent. At 10,000 Lb. per 
sq.in. stress the (Continued on page 112) 


The VICKERS HARDNESS TESTING MACHINE 


provides a proportional and abso- 
lute standard of hardness by the plastic 
indentation method. There is nothing 
empirical about it. It will test difficult 
specimens such as sheets under .007 
thick; gear teeth on the working face; 
finished coil springs, etc., without dam- 
It is semi-direct reading and very 
fast...In research work into the consti- 
tution and properties of nitrided steel 
cases, after a trial of other Hardness 
Testing Machines, this machine was se- 
lected as the most suitable, as besides 
the hardness, it indicates the friability 
of the case, which is a measure of its 


wearing qualities 


TERRITORIES OF UNITED STATES 
AGENTS FOR THE VICKERS HARD- 
NESS TESTING MACHINE: 


MR. W. T. BITTNER 

19 South La Salle Street, Chicago, Ill. 
The States of Minnesota, Wisconsin, owe 
Indiana, Michigan, and the Northern part of M 


souri bounded by Missouri River 


THE RIEHLE BROS. TESTING MACH. CO. 
1424 N. Ninth St., Philadelphia, Pa. 

All United States territory exclusive of the at 
mentioned States, and inclusive of Alaska, Hawe 
and the Philippine Islands 


CANADA: 
MESSRS. WILLIAMS & WILSON 
84 Prospect Street, Montreal, P. Q. 


NO STEEL OR ALLOY IS TOO HARD FOR TESTING ON THE VICKERS 
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Flexibility >» » » 


To Meet any Production Demand with Economy and Quality 


With American Carburizers 
there is no difficulty in meeting 
the production schedule. One, 
two, three or the entire battery 
of Carburizing Machines can 


be operated according to the 
demand for parts and—no 
matter how many are under 
heat — carburizing is performed 
at minimum cost with a quality 
product. 

AMERICAN GAS 
FU RNA CE CO. 


MAIN OFFICE AND WORKS: ELIZABETH, N. J. 


BATTERY OF AMERICAN 
ROTARY CARBURIZERS 
AT LINK BELT. 


Literature on Carbu- 
rizers will gladly be 
mailed upon request. 


— 
\CA 
= OMe. ONY 
NACS 
andStanqd, Mule Furnaces and Singing $ 
Brass Melers Cylindrical Furnaces Oven Furnaces Every Type of Gas Blast Burner, 
Brazing Furnaces and Tables Forges Rivet Heaters Buenace and Heating Machine 
Burners Forges, Glass Bending Soldering Iron Heaters for Industrial Uses. ; 
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apparent modulus is 13,000,000 Ib. per sq.in. 


The yield point in the specification is given 
as 12,000 Ib. per sq.in. minimum stress required 
to produce 0.01 in. strain in a 2-in. gage length. 
In a sound, well-made alloy this point will be 
found to average about 15,000 Ib. per sq.in. How- 


ever, there is a sharp “elbow” or change in cur- 
vature in the stress-strain diagram somewhat 
above 10,000 Ib. per sq.in. 

The minimum elongation in 2-in. gage is 
15°o. On a good sound alloy the average will be 
nearer 25 and not under 20% 


Alloy is Weak Above 500° F. 


At elevated temperatures the strength while 
under load drops gradually until 400° F. is 
reached, rather rapidly from 400 to 500° F. and 
very rapidly above 500° F. There are few tests 
published giving creep or flow test limiting 
stresses at elevated temperatures. The above 
suggests that this alloy, in common with others 
of its type, should not be used above 500° F. un- 


20 to 900 


less a reasonably large safety factor is |... 
ployed. There is no danger of lead swes: jy 
this alloy within the temperature range {dj 
cated if the 
The Brinell hardness ranges from abou! 4s 
to 58 (500 kg.). 
Rockwell hardness, using the ball, js 


alloy is made properly. 


about 65 to 75. 

Specific gravity of sand cast alloy at 25 ¢ 
is about 8.7. This varies according to the sound 
ness of the alloy. 

Specific gravity of the chill cast alloy at 20 
C. is 8.9. 

Weight per cu.in.: 0.314 Ib. 

attern makers’ shrinkage usually is taken 
as ;\ in. per ft. 

The linear contraction in the range from 
C., is 18.4 « 10°. 
The volume shrinkage in the range from 20) 
to 900° C., Is 5.5% 

The solidification shrinkage is 4.9°%. 

Izod test is about 9 ft-lb. (average of sey 


eral tests). 


The Monotron 


1S 500% FASTER 


than any other static pres- 
sure hardness indicator 


@ SENSITIVITY 
@ ACCURACY 
@ STURDINESS 


under adverse conditions char 
acterize this instrument which 
will enable you to control ma- 
terials in process as well as fin- 


hed product, with no sacrifice 
in speed 


For over twenty years we 
have made the SCLEROSCOPE 
HARDNESS INDICATOR 
which is comparatively inex- 
pensive but accurate and rapid. 


The MONOTRON and the SCLEROSCOPE 


are completely described in our free bulletin 


The Shore Instrument & Mfg. Co. 


Van Wyck and Carll Sts. Jamaica, New York 
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Columbia 
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q 
| COLUMBIA SPECIAL carson 
COLUMBIA EXTRA, etc. 
: MAIN OFFICE AND WORKS 
500 E. 14TH STREET, CHICAGO HEIGHTS, ILLINOIS 


& 


CONTROLS 


CARBURIZING 


CarBonat, dripped into the discharge of a centrifugal fan, is thrown 
against the hot sides of the retort where it is cracked into nascent 

carbon. Forced circulation distributes the carbon gases uni- 
formly to all parts of the charge which is maintained at a 


constant temperature throughout. 
The results are — accurate case depths, uniform 
penetration, rapid heats and an overall 
economy never before obtained. The 
process at all times is under 
complete control. 


ve. 


HEVI DUTY 


COMPANY ae 
MILWAUKEE, WIS. 


BRANCH OFFICES IN PRINCIPAL CITIES : mh 
In Europe: Wild-Barfield Electric e 
Furnaces, Ltd., London 
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reviews of... 


By Nelson Littell 


Patent Attorney 


Recent Patents 


Welding Tubes Electrically, ) William 
E. Crawford, of Wauwatosa, Wis., assignor to 
A. O. Smith Corp., Milwaukee. 1,783,411; Dec. 2. 
his patent has its application in the flash 
or resistance welding of tubular articles of a 
length wherein the welding current is distrib- 
uted along the seam to be welded at several 
points. In such constructions it has been found 
that the current divides itself into two paths, 
one around the back of the tube and the other 


across the seam, and that despite a magnetic 


z 1 
| = 
15 7 8 
9 ww 10) 12 


tlux-carrving member inserted in the pipe to 
oppose such back leakage there is a materially 
greater back leakage of current at the ends of 
the pipe than in the center. Such leakage 
makes it difficult to heat the edges of the weld 
throughout the length of the article. The pipe 
may be formed from a flat sheet converted 
into a tubular blank 7, having a longitudinal 
seam 2 to be welded. The welding current is 
applied to the seam through electrodes 3 and 4%, 
which may be continuous or sectional, and 
the welding current is preferably distributed 
through leads 5, 6, 7, and 8 The leads prefer- 


124 


475 Fifth Avenue 


New York Cit, 


ably comprise secondaries of a plurality of 
transformers 9, /(, 11, and 12, the primaries 
being energized from a common source of weld- 
ing current. A higher initial voltage is provided 
at the ends of the pipe by adjusting the trans- 
formers 9 and 72 different from the transformers 
1? and //. The voltage applied differs suf- 
ficiently to force the same amount of heating 
current across the edges at the ends of the pip 


as is forced across the edges in the center. 


Purifying Pig Iron, by Aonrad Hofmann, of 
Essen, Germany, assignor to Fried, Krupp 
Aktiengesellschaft, of Essen-on-the-Ruhr, Get 
many. 1,782,923; Nov. 25. 

This describes a process for eliminating from 
phosphorus and sulphurous pig iron the phos 
phorus and sulphur without oxidizing the cai 
bon contained in the pig iron. The process | 
cludes the control of the percentage of carbo 
in the pig iron by suitably determining the qua! 
tity of the fining means and the carbon of tl» 
slag. and the temperature of the slag and 0! 
the pig iron bath. Preferably a desulphurizing 
and dephosphorizing slag is applied to the pig 
iron bath in a furnace of usual design, wh: 
slag contains the fining means, namely iron ©! 
manganese oxides and alkalin earth required | 
bind the oxide of phosphorus, P.O,, to wh 
slag pulverized or granular carbon is ad 


(Continued on page 128) 
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Improve Green Sand Castings 


CHROMIUM 
wi High-Carbon Ferrochrome 
(maximum 6% carbon) 
Low-Carbon Fe -rrochrome 
(in grade Ss, Maximum 0.06% 
° to maximum 2.00% carbon) 
REEN sand castings treated with Zirco- Chromium Metal my 
Chromium-Copper oe 
nium show fewer pinholes than castings Miscellaneous Chromium Alloys al 
made of untreated steel. Grain sizes are smaller MANGANESE ae 
and there is less segregation of impurities at 78 to 82% 
the grain boundaries. This produces a uniform Medium-Carbon 
Ferromanganese 
texture free from hard spots, improves machin- Manganese Metal 
Silico-Manganese 
ability, and reduces rejects. Manganeee-Copper af 
Silico-Spiegel 
You can demonstrate this and other ad- Miscellencous Manganese Alloys ‘x 
vantages of Electromet Silicon- Zirconium and SILICON 
. . . Ferrosilicon 15% ; 
Zirconium-Ferrosilicon in your own plant. Ferrosilicon 50% 
Write for complete information. Ferrosilicon 80 to 85% he 
Ferrosilicon 90 to 95% Ft ae 
Refined Silicon fa 
(minimum 97% Silicon) 
Sole Distributors Silicon 
ELECTRO METALLURGICAL SALES CORP. Calcium-Manganese- Silicon 
Unit of Union Carbide UCC and Carbon Corporation 
Carbide and Carbon Building, 50 East 42nd Street 
New York, N. Y. es 
TUNGSTEN 
q 
C VANADIUM 
ZIRCONIUM 
Aluminum- Zirconium 
@€rro- O et Ferro- Zirconium 
Silicon- Zirconium 
Zirconium-Ferrosilicon 
MARC 
ARCH, 1931 127 : 
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Welding Method, by Boris S. Robinoff, of 
Pittsburgh, and Sumner E. Paine and Wrignol 
E. Quiller, of McKeesport, Pennsylvania, as- 
signors to National Tube Co. 1,782,316; Nov. 18. 
One of the objects of this invention is to provide 
a method whereby the flux is attracted to the 
electrode by magnetic forces, such flux having a 
percentage of ground or powdered ferrous oxide 
After the “V” shaped 
groove shown by the drawing is filled with flux 


to make it magnetic. 


the welding head of the welding machine is 
brought into proper position and an are will be 
struck to melt the rod. 


9——_, 


The welding beam C 


Z 


of the welding machine has a backing up bar 4 
of copper and around which are mounted iron 
plates 5, the bar 4 being connected to a source of 
current which serves to magnetize the plates 
5 and form a magnetic field along the line 
of weld. The groove is filled with flux 9 which 
forms a slag 9 on top of the molten metal and 
through which the molten metal is deposited so 
as to prevent oxidation of the metal. The 
electrode is preferably a plain uncoated rod 
mounted on a reel and is continually fed down 
toward the work at a speed so as to deposit the 
required amount of welding metal. The current 
passing through the weld is sufficient to attract 
slag or flux 9 and prevent its running off. 


Coating Zinc and Cadmium, 1) Aladar 
Pacz, of East Cleveland, Ohio. 1,784,100; Dee. 9. 
This coating of metals either for preservative or 
decorative purposes provides a simple, inexpen- 
sive process whereby zine and cadmium can be 
given a thin, adherent coating which is perma- 
nent and non-corrodible under all ordinary con- 
ditions, which is artistic and attractive, and which 
will serve as an enduring foundation for paint 
and other coatings. The invention is based upon 
the peculiar properties of certain molybdenum 


compounds. It requires depositing upon the 


surface of the article to be coated a coating of 
one or more of the lower oxides of molybdenum 
by dipping in an ammonium molybdate sp. 
lution. 


Annealing, by John R. Cain, of Washington 
D. C., assignor to the Richardson Co., of Lock- 
land, Ohio. 1,784,221; Dec. 9. 

This invention concerns annealing in a hot bath 
of liquid, particularly a process for maintaining 
a temperature gradient in the annealing bath 
Hydrocarbon oil is not readily heated by convee- 
tion (internal heat transfer) currents, and this 
property makes such oil a particular value in 
the present process. The lower part of the vesse! 
is placed within a vertical furnace of the elee- 
tric resistance type, and the vessel may be pret 
erably supported on a block of refractory mate- 
rial so that the lowermost part of this vessel 
is located in the hottest part of the furnace. A 
mass of lead, which will be melted by the heat. 
may be inserted in the furnace and above this is 
With cer 


tain brasses or alloys it is possible to start with 


placed the stated hydrocarbon oil. 


an initial temperature in the upper limit of 
the hydrocarbon oil of 200° to 250°C. progres- 
sively increasing downward until a temperature 
of 800° to 850°C. is reached in the lower portion 
of the lead bath. The temperature may be sim 
ilarly reduced by removing the articles slow] 


Corrosion Fighter, Adolf Beck and Gusta 
Stebel, of Bitterfeld, Germany, assignors to 1. G 
Farbenindustrie Aktiengesellschaft, of Frank 
fort-on-the-Main, Germany. 1,783,770; Dee. 2. 

This invention relates to a process of improving 
the resistance to corrosion of magnesium alloys 
which contain a high percentage of magnesium 
such as 80% Mg. Such high percentage alloys 
frequently contain surface impurities which 
give rise to an accelerated corrosion. ‘This ts 
particularly true with pressed rolled or other- 
wise worked up pieces which have a skin includ 
ing embedded articles of iron and decomposed 
organic compounds. If such articles are treated 
with a boiling aqueous solution of dichromates 
containing about 100 grams of CrO, per liter for 
an hour longer it will be found that an extreme!) 
thin transparent coating insoluble in water 's 
formed which contains oxidic chrome con 


pounds and has a vellowish, brass-like hu: 
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Fisher Polishing Alumina Unlike magnesia, Fisher 
produces a mirror-like Polishing Alumina does ae 
polish on metallographic not crystallize upon dry- ea 
spe imens without encas- ing. Such ery stals will 
ing seratehes. Eneased impregnate the polishing pee 
cratches develop upon cloth and scratch a spec- 
etching. imen polished thereon Wes 
Unlike rouge, this alu- Metallographists rec- | 
ot stain thee ommend Fisher Polishing 
» 
mina does NOt: flumina, and the leading hee 
hands and clothes of metallographic laboratories a 
olishing 


Fisher Polishing Alumina: (rade No. 2, for Medium Hard Metals 21.40 07 


Makes 100 oz. polishing solution 

Grade No. 1, for Hard Metals - £1.00 ox. . 
Makes 50 os. polishing solution dc, 
FISHER SCIENTIFIC COMPANY 
Apparatus for the Metallurgical Laboratory eo, 

711 FORBES ST. PITTSBURGH, PA. 


Quenching of Steel.. 


JESSOP’S 
inswer to your problems 
A L LOY STE L By HERBERT J. FRENCH 


late of the Bureau of Standards, oo ee 
now with International Nickel ie 
Company. if 
NON-ABRASIVE . .. NON-DEFORMING 
HIGH PRODUCTION sion of cooling characteristics of var- "ie ce 
ious cooling media (coolants). Cooling 


TOOL and DIE properties are given for both surface and 


center cooling of a given mass of steel 


Data for center cooling are summarized 
graphically and in equations which per- 


mit computation of center characteristics 


of various sizes and shapes of steel, 


172 pages, 6 x 9, 105 illustra- 
MANUFACTURED IN SHEFFIELD, ENGLAND ; 
tions ... bound in red cloth. 


$950 4 


Vail Your Order Today 
Wm. Jessop & Sons ST : 
American Society for Steel 
NEW YORK, 121 Varick St. BOSTON, 163 High St. ry _ 
CHICAGO, 1857 Fulton St. DETROIT, 8116 Tireman Ave. 2) 


oft, 
| 
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AIRPLANE MATERIALS 

Materials of Construction in Air- 
craft Engines, R. R. Moore. Am. 
Soc. Testing Matls.—Proc., pt. 2, 
1930, pages 88-98 and (discussion) 
171-214. 

Paper covers. briefly various 
steels, bronzes and brasses and 
light alloys that are most com- 
monly used in construction of air- 
craft engines; physical properties 
and chemical analyses of alloys 
are given; applications of various 
alloys together with reasons for 
specific uses of each are explained 
in detail. 

Ferrous Metals Used in Airplane 
Construction, J. B. Johnson. Am. 
Soc. Testing Matls.—Proc., pt. 2, 
1930, pages 28-33 and (discussion) 
171-214. 

Various types of ferrous metals 
which have become standardized 
due to cooperation between na- 
tional engineering societies, gov- 
ernment bureaus and industry in 
attempting to limit number of 
steels to minimum; chemical con- 
tent and physical properties of 
several types have been tabulated 
with brief summary of principal 
application. 

Structural and _ Engineering 
Light Alloys for Aircraft, R. L. 
Templin, F. V. Hartman and E., C. 
Hartmann. Am. Soc. Testing 
Matls.—Proc., part 2, 1930, pages 
34-40 and (discussion) 171-214. 

Paper deals with wrought and 
east alloys of aluminum and mag- 
nesium which are best suited to 
aircraft work; their advantages in 
general field of aircraft construc- 
tion are briefly discussed; desig- 
nation of various alloys available 
is indicated and forms in which 
alloys are produced commercially 
are given; tables of data are given 
on nominal composition, heat 
treatment, and mechanical proper- 
ties. 

TESTING. Mechanical Testing 
of Aircraft Materials, J. B. John- 
son. Am. Soc. Testing Matls. 
Proc., part 2, 1930, pages 119-126, 
and (discussion) 171-214, 9 figs. 

Description of tension, bend, 
hardness, impact, shear and _ tor- 
sion tests performed in connec- 
tion with inspection of materials. 
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In the preparation the 
Metallurgical Inde. by 
the staff of the Amoricas 
Society of Mechanicaj 
Engineers some 181) do. 
mestic and foreign tech. 
nical publications are 
regularly searched. From 
this material the ASST 
is supplied with this selec. 
tive index to those ar. 


ticles which deal pay. 
ticularly with steel treat. 
ing and related subjects 


Index 


ALLOY STEELS 

Use of Alloy Steel More Diversi- 
fied, J. D. Knox. Steel, vol. 88, no. 
1, Jan. 1, 1931, pages 253-254, 2 
figs. 

Statistical data on consumption 
of principal alloy steel products 
in various industries for 1926-1930. 


ALUMINUM 

Aluminum Sheet Production, R. 
J. Anderson. Metallurgia (Man- 
chester), vol. 2, nos. 11 and 12, 
Sept. 1930, pages 173-176, Oct., 
pages 211-214, vol. 3, nos. 13 and 
14, Nov., pages 4-8, and Dec., pages 
53-56, 7 figs. 

Sept.: Compositions used for 
sheet rolling; kinds and grades of 
sheet. Oct.: Sizes, gages and tol- 
erances; Sheet tempers; heat- 
treated alloy sheet. Nov.: Raw 
materials for melting. Dec.: Fur- 
naces for use in melting alumi- 
num and its alloys prior to pour- 
ing rolling ingots. Bibliography. 

Essais a la corrosion de lalu- 
minium et de ses alliages (Corro- 
sion Test Aluminum and Its AIl- 
loys), Von Zeerleder. Génie Civil, 
vol. 98, no. 1, Jan. 3, 1931, pages 
12-13, 6 figs. 

Abstract of paper read at Liége 
Congress of Mining and Metal- 
lurgy, describing apparatus and 
methods, including hydrochloric 
acid method. 


ALUMINUM ALLOYS 

Oscillographic Researches on 
Properties of Some Light Alloys 
(Richerche’ oscillografiche sulle 
proprieta di alcune leghe leggere 
nota preliminare), E. Denina and 
G. Corinaldi. Ingegnere (Milan), 
vol. 4, no. 11, Nov. 1930, pages 
746-748, 1 fig., two special plates. 

Report from laboratory of elec- 
trochemistry and physical chem- 
istry of Royal School of Engineer- 
ing of Turin on electrolytic and 
metallographic properties of al- 
loys of aluminum. 

Electrical Conductivity and 
Tensile Properties of Light Mag- 
nesium-Aluminium Alloys As Af- 
fected By Atmospheric Exposure, 
E. Wilson. Jnstn. Elec. Engrs. 
Jl. (Lond.), vol. 69, no. 408, Dec. 
1930, pages 89-94, 6 figs. 


One-half per cent magnesium al- 
loy, under name of Aldrey, is be. 
ing used on Continent without 
steel core, and paper is concerned 
with its exposure to atmosphere 

CORROSION. Korrosion und 
Korrosionsschutz von Aluminiun 
Walzlegierungen (Corrosion and 
Corrosion Prevention of Rolled 
Aluminum Alloys), P. Brenner 
Zeit. fuer Metallkunde, vol. 22, no 
12, Dec. 1930, pages 420-422, 2 
figs. 

Discussion of paper indexed in 
Engineering Index 1930, from Oct 
issue of same journal. 

NOTCH TOUGHNESS. — Ueber 
die Kerbfaehigkeit einiger Alumi 
niumlegierungen insbesondere bei 
tiefen Temperaturen (Notch 
Toughness of Some Aluminum Al 
loys, Especially at Low Tempera- 
tures), W. A. Gueldner. Zeit. fuer 
Metallkunde, vol. 22, no. 12, Dec 
1930, pages 412-416, 10 figs. 

Measurement of torsion; deter 
mination of flow spaces; investi- 
gation of change of specimens at 
temperatures up to minus 190 deg. 
cent.; it is shown that behavior 
of materials at lower temperature 
is determined most accurately by 
notched-bar test. (Concluded.) 


BEARINGS 

Facts about Bearings and Bear 
ing Metals, J. D. Lloyd. Machy 
(N. Y.), vol. 37, no. 4, Dec. 1930 
pages 284-285. 

Composition of bearing metals, 
bearing clearances, and other fac 
tors to be considered in attaining 
maximum bearing efficsency; ta 
bles give data on approximate 
analysis of various bearing metals 
and clearances for horizontal cy- 
lindrical bearings. 

Antifriction White Metals, W. 
Lambert. Metal Industry (Lond. 
vol. 37, no. 24, Dec. 12, 1930, pages 
553-554 and 558. 

Desirable properties of bearing 
metal; heterogeneity; characteris 
tics of good bearing metal; care 
needed in ordering; babbitt metal: 
qualities of ideal lining metal, 
lead-base vs. tin-base white metal 
Abstract of paper read before ‘ns! 
Engrs. and Shipbldrs., Dec. 

(Continued on page 132 
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will gladly co-operate with you in applying the Cyanide Reheat 


REHEAT 


IMPARTS EXTRA SURFACE WEAR Be 


IN LESS THAN ONE HOUR ee 


Cyanide Reheat Is... Cyanide Reheat Imparts... i 
a simple heating of the part in a a marked increase in wear resist- r 
evanide bath. The time of treat- ance and surface hardness to 
ment varies from LO to 40 min- plain carbon, oil hardening alloy ; 
utes. In the eyanide dip and wash and carburized steels. No finish- 
the part is heated to temperature ing operations are necessary after 
in an air furnace and then treated the Cyanide Reheat. There is no 
respectively in the cyanide bath scale. : 
for 15 seconds and 2 minutes. te 
These treatments produce high 
nitrogen surfaces which cannot he Cyanide Reheat... ee 
obtained with any other molten method permits ready control of , hi 
the surface properties and depth 
of the high nitrogen surface laver. 
Cyanide Reheat Applications The bath is noncorrosive. be? 
gears, nuts. bolts, splined shafts, 
couplings. cam shafts and many that 
other products where maximum i i ee 
wear resistance is desired. It pre- 
vents tooth-pitting of gears in a 
service. 
CG 
Cyanide and Cyanide Mixtures aR, 
R & H Cyanegg —96 to sodium evanide 
R & Hl Cyanide Mixture, 75°) sodium evanide 
R & Cyanide Mixture, 15°) sodium eyanide 4 
R & H Cyanide Mixture, 30°) sodium cyanide 
..and R&U Tablets for controlling 
the eyanide bath. 
KA) Metallurgical Research Division 


and other uses of cyanides and heat treating salts. % 
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new word—which will mean a great deal in future manu- 
facturing processes. 


“Maxipressing™ is the process of coining or forming to final size 
by pressure on the National Maxipres, the newest contribution of 
The National Machinery Company to the art of metal working. 
Maxipressing eliminates the slow and costly operations of facing, 
milling and machining on many parts and produces work with 
equal precision at much lower cost. 
The advanced design of the Maxipres gives a new measure of stiff- 
ness and absence of spring coupled with high operating speeds. 
This unusual combination of features produces accurate work on 
either hot, semi-hot or cold parts. The economy of the Maxipres 
is found in the operations that its use eliminates, and the speed 
and precision at which the work is produced. 
Send prints or samples for estimates. 

Sold by 


CHAMBERSBURG-NATIONAL 


COMPLETE FORGING EQUIPMENT 


CHAMBERSBURG, PA TIFFIN, OHIO 


New York, 152 W. 42nd St Chicago, 565 W. Washington St. - Detroit, 2457 Woodward Ave. 


THE NATIONAL MACHINERY CoO. 
Tifin, Ohio 


METAL PROGRESS 


4 
Cv 
| 
Lite 
« 


MARCH, 1931 


EW ERA IN LOW COST 


DUCTION 


Trade Mark Res. U. S. Pat. OF 


5 


7 


ne 
; 
4 


# 
id 
\ 


fa 
4.2 
wey 
‘ 
{ 
| 
l 
= 
= 
y 
135 


CAST IRON 

TESTING. Simple Methods for 
liiprovement and Control of Gray 
Iron Manufacture, L. F. C. Girar- 
det. Am. Foundrymen’s Assn. 
Trans. and Bul., vol. 1, no. 11, 
Nov. 1930, pages 624-643, 12 figs. 

Routine methods for controlling 
quality at St. Die (Vosges) foun- 
dry, France; control of mechan- 
ical properties, metallographic 
structure and chemical analysis; 
Fremont shear test; metallograph- 
ic examination of specimens to 
show structure and graphite char- 
acteristics are detailed. 


CORROSION 


Interesting Case of Destruction 
of Plating of Distilling Tank Due 
to Cementation of Materials (O 
ciekawyim wypadku znisezenia 
blachy kotla destvlacyjnego przez 
nacementowanie), Strzalko. 
Technika Cieplna (Warsaw), vol. 
8, no. 7, July 25, 1930, pages 133- 
137, 8 figs. 

Metallographic study of unique 
case of steel corrosion. 

Corrosion-Prevention Methods 
as Applied in Aircraft) Construe- 
tion, HT. Rawdon. Am. Soc. 
Testing Matls.-Proc., pt. 2, 1930, 
pages 61-67 and (discussion) 171- 
214. 

Based on information supplied 
by leading aircraft manufacturers, 
resume of present commercial 
practice on corrosion-prevention 
methods in use has been prepared; 
survey shows that Army and Navy 
requirements are doing great deal 
to bring about uniformity in com- 
mercial practice. 

Some American Researches on 
the Fatigue of Metals, D. J. Me- 
Adam, Jr. Metallurgist (Supp. to 
Engineer, Lond.), Dec. 1930, pages 
183-186, 4 figs. 

Review of paper on influence 
of Stress Range and Cycle-Fre- 
quency on Corrosion; previously 
indexed from Am. Soc. Testing 
Maths. Proe., of mtg. June 23. 

TESTING, Resistance of Metal 
to Decomposition of Caustic Acids 
and Alkalis (Widerstandsfaehig- 
keit der Metalle gegen Zersetzung 
durch aetzende Saeuren Al- 
kalien), W. Kollrepp. Zeit. fuer 
die gesamte Giessereipraxis (Ber- 
lin), vol nos. 50 and 51-52, 
Dec. 14, 19380, (Metall) pages 201- 
202, and Dee. 23, pages 205-206. 

Resistance of different metals to 
chemical corrosion; use of suitable 
deoxidizing agents. 

Rules for Practical Testing of 
Corrosion Resistance of Steel 
(Richtlinien fuer die praktische 
Pruefung von Staehlen auf ihren 
Korrosionswiders tan d), E. HH. 
Schulz. Stahl und Lisen (Duessel- 
dorf), vol. 50, no. 36, Sept. 4, 1930. 


CUTTING MATERIALS 


The New Alloys and Machine 
Tool Design, F. W. Shaw. Metal- 
lurgia (Manchester), vol. 3, no. 14, 
Dec. 1930, pages 57-58, and 61. 

Development of alloys for cut- 
ting tools is surveyed, and fune 
tion of elements in these alloys is 
discussed in light of present prog- 
ress; Taylor-White steel; stellite; 
Widia; how elements function in 
alloys. (To be continued.) 
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Tool-Steel Tools, A. H. D’Arcam- 
bal. Am. Soe. Mech. Engrs. Ad- 
vance Paper no. 16, for mtg. Dec. 
1-5, 1930, 8 pages, 13 figs. 

Factors that govern life of met- 
al-cutting tools made from carbon 
alloy, and high speed tool steels; 
design, steel, and treatment; cul- 
ting fluids or coolants as affecting 
life of tool: necessity of employ- 
ing proper grinding wheels and 
correctly using them. 

Cutting Tools Manufactured In 
Specially Designed Plant, B. Fin- 
ney. fron Age, vol. 126, no. 26, 
Dec. 25, 1930, pages 1908-1911 and 
1978, 5 figs. 

Methods used by Michigan Tool 
Co., Detroit; reduction in) opera- 
ting costs by constructing one- 
story plant specially designed for 
manufacture of cutting tools and 
equipped with high-production 
machine tools and other machin- 
ery built for its operations. 

TESTING. A Test of Machining 
Quality, Wallichs and Krekeler. 
Metallurgist (Supp. to Engineer, 
Lond.), Oct. 19380, pages 149-150. 

Test by means of appliance 
known as Leyensetter double- 
pendulum simple mechanical de- 
vice; results obtained in testing 
effect of increasing cutting speed 
on two steels of widely different 
physical properties are shown in 
graphs; pendulum appears to fur- 
nish delicate test of “sharpness” 
quality which hitherto not 
been at all easy to measure. 
Translated abstract of paper pre- 
viously indexed from Archiv fuer 
das Eisenhuettenwesen, July 1930. 

TUNGSTEN CARBIDE.  Tung- 
sten-Carbide Cutting Materials. 
Metallurgia (Manchester), vol. 2, 
no. 11, Sept. 1930, page 168. 

Abstract of Progress Report no. 
2 of Subcommittee on Tungsten- 
Carbide Cutting Materials of the 
A.S.M.E. Special Research Com- 
mittee on the Cutting of Metals, 
previously indexed from Mech. 
Eng., Aug. 1930. 


DIE CASTING 


Die-Casting Plant Laid Out on 
Engineering Basis, G. Koon. 
Tron Age, vol. 126, no. 22, Nov. 27, 
1930, pages 1593-1597, 4 figs. 

Layout, equipment and produc- 
tion methods at plant of Allied Die 
Casting Corp., Long Island City; 
flooring and machine foundations; 
factors of safety. 

Development of Zine-Base Die- 
Casting Alloys, D. L. Colwell. Am. 
Soc. Testing Matls.Proc., vol. 30, 
pt. 2, of mtg. June 23-27, 1930, 
pages 473-489 (discussion) 
490-492, 13 figs. 

History of improvement of zine- 
base die-casting alloys illus- 
trated in series of charts, which 
show effects of normal and accel- 
erated aging on size and physical 
properties of zine base die cast- 
ings; data from tests; conclusions 
reached, 


ELECTRIC FURNACES 

The Use of Electricity in the 
Heat Treatment and Welding of 
Metals, A. N. Otis and W. L. War- 
ner. Mill and Factory Illustrated, 
vol. 5, no. 1, Jan. 1930, pages 48- 
and 92, 9 figs. 


Features of electrically-)-atey 
water-sealed furnaces of ky 
worthy type widely us¢ 


bright annealing copper wir. 4 
Similar products. 

Theoretical Viewpoints in (Co) 
struction of High-Frequency 
naces (Naagra Teoretiska Sy 
punkter vid  Konstrukti 
Hoegfrekvensugnar), Dryfys 
Teknisk Tidskrift) (Stockholm 
vol. 60, no. 49, Dee. 6, 1930 lek 
troteknik), pages 225-230, 3 figs. 

Electric) problems of melting 
furnaces; factors influencing «& 
termination of electric field dis 
tribution, power factor, heat 
eration in furnace, charge and 
furnace coil and considerations 
influencing selection of frequency 

Bright-Annealing by the Gruene-. 
wald Process, F. W. Mueller. Me; 
allurgia (Manchester), vol. 3, p 
14, Dec. 1930, pages 69-70, 3 figs 

To maintain clean bright 
surface on annealed metal, pre 
cautions against oxidation ar 
necessary, as well as regularity 
suitable temperature; features 
Gruenewald furnace; method 
working; furnace layout; tempers 
ture and power regulation grap! 
Translated from “Das Gruenewald 
Blankgluehverfahren,” Metallwi: 
schaft, 20 June 1930. 

Favors Electric Furnaces 
Special Steels. Elec. World, \ 
96, no. 26, Dee. 27, 1930, pages 
1184-1186, 8 figs. 

It is essential that foundryme 
turn out dependable alloys day i 
and day out under all sorts 
conditions; requiring carefi 
study of mixture, strict) grading 
of raw materials accurat 
control of foundry practice; ele 
tric furnace is essential part 
picture because it combines tw 
qualities of close control and fles 
ibility of operation. 


ELECTRIC WELDING 

Electric Welding; Annual li 
port of Committee on Electri 
Welding. Am. Inst. Elec. Engrs. 
Trans., vol. 49, no. 4, Oct. 193! 
pages 1699-1701. 

Fundamental Problems of Ele 
tric Resistance Welding (Finis: 
grundsaetzliche Fragen der elek 
trischen Widerstandschweissung 
F. Goldmann. Elektroschweissu 
(Braunschweig), no. 12, Dec. 193! 
pages 225-230, 6 figs. 

Proposal for new conceptions 
determining factors; inadmissibi 
ity of reforging of thickening 
butt welding; causes of red hol 
and cold” breakability; necessi 
of removal of heavy oxide 
scale layers at weld; vapor forme 
tion as cause of penetratio! 
different materials in welding 

Electric Welding of Stee! 
McLean. West. Soc. Engrs 
vol. 35, no. 6, Dec. 1930, pases 
415-422, 7 figs. 

General information about 
plications of welding in manuta 
ture of large products, su s 
welded pressure vessels; 
considers code specifying ¢xac' 
procedure for welding is obsole! 
and that manufacturers shot bye 
willing to submit welded pr: ts 
to acceptance tests. 

(Continued on page 140 


METAL PROGRESS 


‘ 
| 


and now- 


A Recuperative 
AIR FURNACE- 
made possible by 


THE CARBORUNDUM COMPANY 


REG. U.S. PAT. OFF. 


RECUPERATOR 


VER a year ago a Carborundum Company Recuperator was in- 
stalled at the Cadillac Malleable Iron Company, Cadillac, Michigan 


MAR 


0 This installation is unique and unusual in that the recuperator 
is successfully operated with a malleable iron air furnace 


O The furnace is powdered-coal fired and is normally operated to 


produce two 22-ton heats per day. 


O The recuperator was connected without interrupting operations 
and for over a year it has been operated without the loss of a single 


heat. 


The Results 


O The user reports that fuel consump- 
tion has been reduced 40‘c over previ- 
ous practice of operating with atmos- 
pheric air for combustion and 


there is a saving of one hour per heat 


-a decided improvement inmetal char- 
acteristics has been noted 

—the reduction in fuel consumption 
climinated the necessity for addi- 
tional rulverizing equipment 

—a distinct reduction in metal losses 
due to oxidization has been observed 
resulting in lower cost of raw ma- 
terial per ton of good castings 

—and they can control pouring tem- 
peratures much more accurately than 
they could with atmospheric air 


0 The outstanding feature of The Car- 
borundumCompany Recuperator lies in 
the fact that it employs banks of tubes 


THE CARBORUNDUM COMPANY, Perth Amboy, N. J. 


1931 


made of ‘ Carbofrax the Carborun- 
dum Brand Silicon Carbide Refractory 


0 These tubes have a high heat trans- 
fer—eight to ten times that of fire clay 
retractories 

O Core busters in the tubes greatly 
facilitate the transfer of heat from 
waste gas to alr 


0 The ‘‘Carbofrax” tube maintains its 
refractoriness and physical strength 
even at the highest temperature en- 
countered in commercial furnaces 

0 Long life of the tubes—their resist- 
ance to corrosive action—the absence 
of moving parts—the design of the 
recuperator —its low maintenance cost 
—its adaptability to practically all 
types of industrial furnaces—particu- 
larly those requiring high flame tem- 
perature—these are some of its decided 
advantages 


A 
> 
> 
4 
é 
2 
in 
ky 
* 


| 
4 
| 
| 
| | 
| 
| 
Isullettr Data 
i:-ngineering Service 
TAL, 
wit’ 
re 
— = ig 
wes 
» 


FATIGUE 

Report of Research Committee 
on Fatigue of Metals. Am. Soc. 
Testing Matls.—Proc., vol. 30, part 
1, of mtg. June 23-27, 1930, pages 
259-310, 24 figs. 

Fracture Under Repeated Stress, 
H. F. Moore; Mechanical Hys- 
teresis and Fatigue, J. B. Kom- 
mers; Detection of Incipient Fa- 
tigue Failures, R. L. Templin; 
Effect of Alloying and Heat Treat- 
ment on Endurance Limit of 
Steel, H. W. Gillett; Overstressing 
in Fatigue, T. McL. Jasper; Cold 
Working, T. McL. Jasper; 
Strengthening by Understressing, 
H. W. Gillett; Stress Concentra- 
tion and Fatigue Strength, R. E. 
Peterson; Corrosion-Fatigue; Sig- 
nificance of Fatigue Test Results, 
H. F. Moore. Bibliography. 

Report of Research Committee 
on Fatigue of Metals. Am. Soc. 
Testing Matls.—Proc., vol. 30, pt. 
1, of mtg. June 23-27, 1930, pages 
259-310, 24 figs. 

Activities of committee; appen- 
dices include: Experimental 
Knowledge and Theories of Fa- 
tigue Phenomena in Metals; En- 
durance Limit, Machines, Speci- 
mens, and Accelerated Test, R. R. 
Moore; Correlation of Endurance 
Limit With Other Physical Prop- 
erties, J. R. Townsend; Effect of 
Range and Kind of Stress on Fa- 
tigue Strength, J. B. Kommers; 
Fatigue of Metals as Affected by 
Metallographic Features, H. R. 
Rawdon, 


FORGING 

Precision Forging—the Newer 
Idea on Drop Forgings, A. H. 
Deute. Jron Age, vol. 126, no. 25, 
Dec. 18, 1930, pages 1840-1841 and 
1902, 4 figs. 

Methods used by Billings & 
Spencer Co., Hartford, Conn., in 
producing accurate forgings and 
reducing machining cost. 

Mechanization of Forging Pro- 
cedure (La mécanisation du tra- 
vail de forge), P. Lenormand. 
Arts et Métiers (Paris), vol. 83, 
no. 121, Oct. 1930, pages 408-419, 
8 figs. 

Principles of forge-shop organ- 
ization with particular regard to 
mass production; requirements of 
forging-machine design and _ sim- 
plicity of operation; floor plan il- 
lustrates layout of machine shop. 


FURNACES 

Ford Forges with Electric Heat. 
Elec. World, vol. 96, no. 20, Nov. 
15, 1930, pages 902-905, 6 figs. 

At present 55 electric furnaces 
are used for heating only compar- 
atively small forgings as universal 
joint housings, front-wheel spin- 
dles, steering-gear spiders, ring 
gears, rear-axle shafts with forged 
gears on their ends, etc.; temper- 
atures necessary for forging steel 
vary from 1900 to 2450 deg. fahr.; 
most of work in Ford plant is 
heated to 2300 to 2350 deg. 

Factors Influencing the Design 
of Normalising Furnaces, E. E. 
Griffiths. Metallurgia (Manches- 
ter), vol. 3, no. 14, Dec. 1930, 
pages 62-64 and 68, 6 figs. 

Principal types of normalizing 
furnaces; general requirements of 


all normalizers; process require- 
ments; prevention of damage to 
surface of sheets; labor cost and 
general conditions. 

Factors Influencing the Design 
of Normalising Furnaces, E. E. 
Griffiths. Jron and Coal Trades 
Rev. (Lond.), vol. 121, no. 3275, 
Dec. 5, 1930, pages 835-837, 7 figs. 

General review; normalized and 
annealed sheets compared; prin- 
cipal types of normalizing fur- 
naces; general requirements; 
specific requirements for various 
types of sheet and tinplates; 
process requirements; features of 
furnace operation. Read before 
Instn. Mech. Engrs. at Swansea. 


GAS FURNACES 

The Gas Industry’s Research 
Program in Metallurgy, E.  D. 
Milener. Am. Gas Assn. Monthly, 
vol. 13, no. 1, Jan. 1931, pages 15- 
19. 

Experimentation with gas forg- 
ing furnaces being conducted by 
University of Michigan covering 
burning, overheating, scaling, de- 
carburization rates of heat pene- 
tration, and other factors that 
enter into heating and production 
of quality forgings. ,aper read 
before Am. Soc. Steel Testing, 
Dec. 17, 1930. 


GEARS 

Some Common Defects in Steel 
for Gear Manufacture, F. W. Rowe. 
Metallurgia (Manchester), vol. 2, 
no. 12, Oct. 1930, pages 198-200, 
10 figs. 

Residual pipe and “V”  segre- 
gates; ingot corner weakness; 
slag inclusions; variation in anal- 
yses. 

The Selection and Treatment of 
Gear Materials, F. W. Rowe. 
Foundry Trade Jl. (Lond.), vol. 
43, no. 748, Dec. 18, 1930, pages 
427-430 and 432, 7 figs. 

Review of important factors 
such as, resistance to wear, re- 
sistance to stresses other than 
wear, pitting in gears, shock 
strength; data on physical prop- 
erties and composition of cast 
iron, cast steel, mild steel, carbon 
steel, nickel and chromium steel, 
etc.; application of bronze for 
gears; heat-treatment of steel 
gears; case-hardening. Extract of 
paper read before mtg. of Man- 
chester Assn. of Engrs. 


HEAT TREATMENT 
Selection of Form in Considera- 
tion of Economic Hardening Meth- 
ods (Konstructive Gestaltung unter 
Beruecksichtigung wirtschaft- 
licher Haerteverfahren), G. Oehler 
and <A. Kropf. Maschinenbau 
(Berlin), vol. 9, no. 24, Dec. 18, 
1930, pages 793-897, 25 figs. 
Stresses caused by improper de- 
sign of machine parts are illus- 
trated by sketches; various ma- 
chine elements serve as example 
for demonstrating proper design 
and treatment in hardening; data 
on quenching methods and means. 
Les traitements préliminaires 
des aciers (Initial Treatment of 
Steels), Pomey. Revue de l'In- 
dustrie Minérale, no. 240, Dec. 15, 
1930, pages 527-544, 18 figs. 
Different kinds of preliminary 
treatments; heredity of steel; crys- 


tallization; case of alloy with m 
than two constituents; more ec 
plex cases where eutectoid int 
venes; influence of speed of ec 
ing; heterogeneity; structure of 
pearlitic steels; comparison 
tween forged and rolled met 
phenomenon of coalescence; 
tectoid formation. 

Relation of Hardness of Carb 
Steels to Particle Size of I 
Carbide (Die Abhaengigkeit 
Haerte bei Kohlenstoffstaehlen yon 
der Teilchengroesse des_ Eisen. 
carbids), S. Shimura and H. Ess; 
Stahl und Eisen (Duesseldor/ 
vol. 50, no. 48, Nov. 27, 1930 
pages 1674-1675, 3 figs. 

In order to determine this rela 
tionship, heat treatment was nec- 
essary, which permitted wide 
variation in size of iron-carbide 
inclusions in steel; results of hard- 
ness tests show that with increas- 
ing particle size, hardness de 
creases, in case of all steels. 


HIGH SPEED STEEL 


Effect of Carbon Gases on Steel, 
M. Winter and P. B. Crocker. Heat 
Treating and Forging, vol. 16, no. 
1, Nov. 1930, pages 1450-1451, 1 
g. 

Results of investigation in which 

gases of varying carbon monoxide 
content were brought in contact 
with high-speed steel. 

The Mechanism of Quenching 
High Carbon Steel Tools, P. J. 
Haler. Fuels and Furnaces, vol. 
8, no. 12, Dec. 1930, pages 1653- 
1659, 12 figs. 

Quenching of various types of 
high carbon or case hardened 
steel; mechanism of cooling and 
effect of heat upon stream lines 
of piece being quenched, quench 
ing of milling cutters, plunging 
speed and quenching of flat cir 
cular disc. 

Effect of Heat Treatments or 
Efficiency of High-Speed Steels, E 
Kothny. Jron Age, vol. 126, no 
25, Dec. 18, 1930, pages 1848-1852 
11 figs. 

Results of tests show that cut- 
ting efficiency of high-speed steels, 
working on hard and medium- 
hard steels, can be considerably 
increased by tempering at 590 deg 
cent.; tables give data on appear 
ance of fracture and behavior of 
turning tools when touched by 
file; time of turning in hardened 
and in hardened-tempered condi- 
tion, depth of cut, 4 mm. feed, 
1.5; microphotograph _ illustrates 
crystal structure obtained by var! 
ous kinds of heat treatment pr 
cedures. 


HOT ROLLING 


Tests on Resistance to Deformae- 
tion and Trend of Deformation 
during Hot Rolling of Low-Carbon 
Ingot Steel in Temperature Range 
of 700 to 1200 Deg. (Versuche 
ueber den Formaenderungswider 
stand und den Formaenderunsgs 
verlauf beim Warmwalzen yor 
kohlenstoffarmen  Flusstahl 
Temperaturbereich von 700 bis 
1200 Deg.), Institut fuer Eisen 
forschung (Duesseldorf), vol. ‘2, 
no. 15, 1930, pages 225-244, <9 
figs. 
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these hands levy your plant 


Motor operalk 
Suel-air valves 


Temperature <> 


controller 
Relay for the con- 
rol of electric 
ters, and of 
for valves of 

e oil or gas 

furnaces. 


MINNEAPOLIS 


INDUSTRIAL REGULATORS 


HONEYWELL 


1931 


Those piles of over or under-burnt 
products of your ovens—-those castings 
that didn’t pass inspection those off 
yrade batches that have no market 
are losses you take because the human 
hands and eyes that govern your proc 
ess heating are only human, after all. 

Spoil piles are only the more tangible 
losses. Many hidden pre fit leaks—such 
as fuel waste, excessive supervision, 
mounting shop costs and diminishing 
sales due to lack of uniformity —are 
also chargeable to old-fashioned meth 
ods of controlling ovens, kilns, vats 
and furnaces. 

Industries having a heat control 
problem are finding that Minneapolis 


Honeywell automatic control systems 
cut fuel and labor costs and at the same 
time insure higher and more uniform 
quality of output. Minneapolis-Honey 
well equipment includes motorized 
valves which govern temperatures or 
pressures by controlling the flow of air, 
water, was, oil or steam. These valves 
operate through Minneapolis-Hones 
well regulators or any controlling py 
rometer. 

Let these sensitiy e. dependabl in 
struments drive profit leaks out of your 
plant. Our industrial representative 
has a broad experience which he will 
vladly bring to vour assistance. Use 


the coupon. 


MINNEAPOLIS-HONEYWELL REGULATOR CO 


2809 Fourth Ave. So 


Minneapolis, Minn. 


In Canada: Minneapolis-Honeywell Regulator Co., Ltd., Toronto 

Branch Offices: New York, Philadelphia, Boston, Providence, Detroit, 

Cleveland, Chicago, St. Louis, Indianapolis, Milwaukee, San Fran 
cisco, Svracuse, Rochester 


Distributors in a 


MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
2809 Fourth Ave. So., Minneapolis, Minn 
Send me pamphlet on Industrial Regulators 


Send me pamphlet on Unit Heater and Sectional Control Systems. 


Have representative call. I understand there is no obligatior 


Name 
Company 
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By measurement of rolling pres- 
sure in rolling tests on flat bars, 
information was obtained con- 
cerning deformation resistance of 
mild ingot steel at temperatures 
of 700 to 1200 deg. 

Influence of Degree of Rolling, 
Rolling Temperature and Cooling 
Conditions on Mechanical Proper- 
ties and Structure of Low-Carbon 
Ingot Steel (Ueber den Einfiuss 
des Walzgrades, etec., auf die 
mechanischen Eigenschaften und 
das Gefuege von kohlenstoffarmen 
Flusstahl), A. Pomp and E. Fang- 
meier. Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fuer Eisen- 
forschung (Duesseldorf), vol. 12, 
no. 15, 1930, pages 245-261, 11 
figs.; see also Stahl und Eisen 
(Duesseldorf), vol. 60, no. 49, Dec. 
4, 1930, pages 1721-1723, 1 fig. 

Review of literature on influ- 
ence of hot rolling; on properties 
and structure of steel; results of 
tests; mechanical properties and 
grain size as affected by air and 
kieselgur cooling. 


IRON AND STEEL 


The Change of Density in Iron 
and Steel Caused by Cold Work- 
ing and by Tempering, K. Tamaru. 
Tohuku Imperial Univ.—Sct. Re- 
ports (Sendai), vol. 19, no. 4, Oct. 
1930, pages 437-448, 4 figs. 

Density determined at different 
stages of tempering and causes of 
change of density explained. 

Oxygen in Iron (Sauerstoff im 
Eisen), I. Feszezenko-Czopiwski 
and St. Orzechowski. Zett. des 


Oberschlesischen Berg- und Huet- 
tenmaennischen Vereins (Kato- 
wice), vol. 69, no. 12, Dec. 1930, 
pages 652-658, 7 figs. 

Review of researches on influ- 
ence of oxygen on properties of 
steel; solubility of oxygen in iron; 
oxygen content causes coarse 
grain; so-called abnormal steel 
shows tendency to embrittlement 
at high temperatures; aluminum 
as deoxidizing agent; negative in- 
fluence of oxygen impact 
strength. 


MAGNESIUM ALLOYS 

Proprieta dinamiche delle leghe 
ultraleggere (Dynamic Properties 
of Extra-Light Alloys), I. Musatti. 
Metallurgia Italiana, vol. 22, no. 14, 
Dec. 1930, pages 1052-1068. 

Report on experimental study, 
made at Ernesto Breda Research 
Institute, of alloys of magnesium, 
zinc, aluminum and copper, with 
special reference to strength under 
repeated bending notched- 
bar impact. 

Magnesium Alloy Castings, E. 
Player. Metallurgia (Manchester), 
vol. 3, no. 14, Dec. 1930. 

Characteristics of magnesium al- 
loys and some of the principles 
involved in production of sound 
castings; strength figures and 
mass-strength ratio of elektron 
magnesium alloys, compared with 
other metals in common use; al- 
loy composition; melting; mold- 
ing; machining. Read before Inst. 
of Metals and Inst. of British 
Foundrymen, 


METALLOGRAPHY 

Martensite System (Ueber ¢ 
Martensit), S. Steinberg and 
Hanemann. Stahl und Eisen 
(Duesseldorf), vol. 50, no. 51, D 
18, 1930, pages 1780-1782. 

Polemic relating to paper by k. 
Gebbard, H. Hanemann and \. 
Schrader, indexed in Engineer; 
Index 1929, page 1035, from 
chiv fuer das Eisenhuettenwes: 
May 1929; Steinberg disagrees 
with above author’s theory that 
martensite is heterogeneous mix 
ture of phases with different cs 
bon contents; believes that 
another explanation must be of 
fered for heterogeneity. 

Structure of Pig and Cast [roy 
(Gefuege-Ausbildung von Roh 
und Gusseisen), H. Pinsl. Gies 
serei Zeitung (Berlin), vol. 27, no. 
16, Aug. 15, 1930, pages 436-447. 

Numerous photomicrographs are 
presented which were developed 
by author and exhibited at last 
foundry exhibition in Duesse! 
dorf; photographs visualize struc- 
ture of cast and pig iron, and wer 
selected from more than 1000 pho 
tomicrographs. 


METALS 

EMBRITTLEMENT. Brittle 
Fracture of Metals, B. H. Haigh 
Engineering (Lond.), vok 130, no 
3387, Dec. 12, 1930, pages 752-753. 

Brittle fractures due to fatigue: 
resistance to fatigue. Abstract of 
last of three lectures delivered at 
King’s College, Nov. 17. 


(Continued on page 14 
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Weaver Pickl-Aide Products 


IG: 


Acid Resisting 
Sturdy.... 
Lasting 


Let us design a basket for your particular require- 
ments and quote now... buy it when you need it. 


WEAVER BROTHERS COMPANY, ADRIAN, MICHIGAN 
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KETOS 


the steel that made oil hardening famous 


Paper 4 


BELOIT, WIs. 


Steel Company, 
308 West Adams St., 
chicago, Ills. 


Sentlemen 


We have been using your "Ketos" 
tool steel for taps, dies and reamers, 
for some time. 


The Foreman of our tool room re- 
sently made some extra large reamers from 
this steel. We have used many brands 
end different grades in our tool room dur- 
ing the last 25 years but we find that your 
particular brend of steel is better for 
reamers and taps than anything that we have 
ever used because of its non-shrinking 
qualities. 


We never lose a tool because of 
necks or shrinks which is certainly a 
creat advantage and saving to us. 


Yours very truly, 


BELOIT IRON WORKS, 


form 
f 


This letter was written over fifteen years 
ago... and they are still using KE'TOS 


JAJ:P 


CHICAGO . . 608 West Adams Street 
CLEVELAND .~. - 1258 East 55th Street 
DETROIT . . + . 3233 Hubbard Ave. 
NEW YORK - Dominick and 6th Ave. 


MARCH, 1931 


and 


iN 
PHILADELPHIA 


LOS ANGELES 
BOSTON 
BOSTON . 


aa 


T 


— 


“KETOS” EXPANSION REAMERS 


HALCOMB STEEL COMPANY 


Main Office 
SYRACUSE. N. Y. 


Works 


HOUSE S 


1228 Callowhill Street 

1207 Sante Fe Avenue 
Hawkridge Bros. Company 
H. D. Evans Steel Company 
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HARDENING. Surface Harden- 
ing, A. E. Shorter. /ron and Coal 
Trades Rev. (Lond.), vol. 121, no. 
$272, Nov. 14, 1930, page 725. 

Brief abstract of paper read be- 
fore Instn. Welding Engrs., pre- 
viously indexed from Welding JL. 

MACHINABILITY. The Problem 
of Machinability Measurement, E. 
G. Herbert. Metallurgia (Man- 
chester), vol. 2, nos. 11 and 12, 
vol. 3, no. 13, Sept. 1930, pages 
169-171 and (editorial) page 167, 
Oct., pages 206-208, and Nov., 
pages 13-15, 10 figs. 

Sept.: Scale of machinability 
analogous to scales of hardness 
and tensile strength would assist 
choice of materials for specific 
purposes; determination by meas- 
urement. Oct.: Anomalies of di- 
rect measurement; study of cut- 
ting action; work-hardening ca- 
pacity; hardness induced 
cutting tools; Nov.: Law of ma- 
chinability; hardness of the chip 
as a measure. 

PLASTICITY. Deformation and 
Strength of Materials (Werkstoff- 
verformung und Festigkeit), E. 
Schmid. Physikalische Zeit. 
(Leipzig), vol. 31, no. 20, Oct. 15, 
1930, pages 892-896, 10 figs. 

Report on experimental work 
for attempted explanation of plas- 
ticity of metals through properties 
of crystals; properties of single 
metallic crystals; comparative 
discussion of mechanical behavior 
of single crystals and of multi 
crystalline structures. 


NITRIDING 


Nitriding; Its Present and Fu- 
ture Status, V. O. Homerberg. 
Iron Age, vol. 127, no. 1, Jan. 1, 
1931, page 52. 

Development of nitriding proc- 
esses including investigations con- 
ducted at laboratory of Nitralloy 
Corp.; gray cast iron that can be 
nitrided to give satisfactory case; 
nitriding in presence of carburiz- 
ing agent; protective agents 
against nitriding; effect of pres- 
sure; role played by hydrogen; 
x-ray studies. 

American Developments in Ni- 
trogen Hardening. Metallurgist 
(Supp. to Engineer, Lond.), Dec. 
1930, pages 181-182. 

Review of symposium pro- 
gram of “Metals Week,” held in 
Chicago, September; subjects dis- 
cussed indicate extensive develop- 
ments of process, since they relate 
to such matters as difficulties en- 
countered in long-continued pro- 
duction work by fact that con- 
tainers or “boxes” themselves be- 
come nitrided and disintegrate, or 
to difficulties encountered in nitro- 
gen hardening of large forgings. 

Nitrogen in Mild Steel, W. 
Koester. Metallurgist (Supp. to 
Engineer, Lond.), Dec. 1930, pages 
186-188. 

Abstract translated from paper 
in Archiv fuer das Eisenhuetten- 
wesen, Apr. 1930, in which it is 
suggested that as changes occur 
in alpha iron phase, they cannot 
be of allotropic nature, but must 
be constitutional and that, there- 
fore, solubility of certain sub- 
stances in alpha iron must be de- 
pendent on temperature. 
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Nitrided Steel and Its Proper- 
ties, J. H. Higgins. Heat Treating 
and Forging, vol. 16, no. 12, Dec. 
1930, pages 1527-1529. 

Review of important points 
concerning production, heat treat- 
ment and use; steel selection; 
forging; machining; quenching 
and tempering; decarburization; 
corrosion; welding; effect of heat 
on case; renitriding. Paper de- 
livered before Am. Soc. Steel 
Testing. 


NON-FERROUS ALLOYS 


Some Non-Ferrous Engineering 
Alloys, W. Lambert. Metallurgia 
(Manchester), vol. 3, no. 14, Dec. 
1930, pages 65-68. 

Resistance to corrosion, thermal 
conductivity, anti-frictional qual- 
ities, dependabiiity, machinability, 
specific gravity, and artistic at- 
tractiveness; manganese bronze; 
aluminum bronze; gunmetal; 
Phosphor bronze; lead bronzes; 
monel metal; anti-friction white 
metals; qualities of ideal lining 
metal. Read before’ Instn. of 
Engrs. and Shipbldrs. in Scotland. 

A List of Alloys, W. Campbell. 
Am Soc. Testing Matls.—Proc., 
vol. 30, pt. 1, of mtg. June 23-27, 
1930, pages 336-397. 

In connection with activities in 
nomenclature of non-ferrous met- 
als and alloys of Committee B-2 
on Non-Ferrous Metals and Alloys, 
in order to show difliculties met 
with when attempt is made to 
formulate logical scientific 
classification of alloys, list of al- 
loys has been compiled. 

Some Non-Ferrous Engineering 
Alloys, W. Lambert. Machy. Mar- 
ket (Lond.), nos. 1571 and 1572. 
Dec. 12, 1930, pages 21-22 and Dec. 
19, pages 17-18 and 22. 

Dec. 12: Use of non-ferrous al- 
loys is favored from considera- 
tions of resistance to corrosion, 
thermal conductivity, anti-fric- 
tional qualities, dependability, 
machinability, specific gravity, 
and artistic § attractiveness: 
brasses; manganese bronze; alu- 
minum bronze; gunmetal and 
phosphor bronze. Dec. 19: Lead 
bronzes, monel metal anti-friction 
white metal; desirable properties 
of bearing metal; qualities of 
ideal lining metal. Paper read be- 
fore Instn. Engrs. and Shipbldrs. 

LIGHT. Light Metals and Their 
Alloys (Die Leichtmetalle und 
ihre Legierungen), F. V. Lindner. 
Flugwesen (Prague), vol. 10, no. 
10-11, 1930, pages 115-118. 

Review of physical properties 
and uses of aluminum and mag- 
nesium with particular regard to 
alloying properties of beryllium 
and lithium. 

TEMPERATURE EFFECT. 
Properties of Non-Ferrous Alloys 
at Elevated Temperatures, C. L. 
Clark and A. E. White. Metal In- 
dustry (Lond.), vol. 37, no. 26, 
Dec. 26, 1930, pages 601-604, 5 
figs. 

Chemical composition and me- 
chanical condition of non-ferrous 
alloys investigated; tensile 
strength of non-ferrous alloys at 
various temperatures; proportion- 
al limit; per cent elongation, and 
per cent reduction of area of non- 


ferrous alloys at elevated 
atures; creep characteris: jes 
monel metal at various ti per 
tures. (To be conclude: Ps 
per presented before A Sor 
Mech. Engrs., Dec. 1-5, 193 


PICKLING 

The Pickling and Cleaning 
Metals, D. Brownlie. Shee! Mey 
Industries (London), volume 


Hit 
number 8, December 1930 page: 
655-656. 

Some considerations of chey 
cal reactions involved. (Contip 
uation of serial.) 


REFRACTORY MATERIALS 


Progress in Fields of Refractor, 
Materials (Fortschritte auf « 
Gebiete der feuerfesten Baustof 
E. H. Schulz, F. Hartmann and 4 
Kanz. Stahl und Eisen (Duess, 
dorf), vol. 50, no. 48, Nov. 27, 193) 
pages 1677-1681. 

Standardization of Refractor 
Materials (Die Normung fey 
fester Baustoffe). Tonindustri: 
Zeitung (Berlin), vol. 54, nos 
and 52, June 26, 1930, pages 84 
848 and June 30, pages 861-863 
figs. 

Tentative D.L.N.  specificati 
for testing refractory materials 
resistance to influence of solic 
and liquid materials at high tey 
perature; slagging resistance: « 
termination of resistance agains! 
sudden changes in temperatur 

HEAT CONDUCTIVITY. Heat 
Conductivity Measurements of ki 
fractory Material (Waermeleit 
faehigskeitsmessungen an Feuer 
festen Materialien), H. Golla a 
H. Laube. Tonindustrie-Zeitu 
(Berlin), vol. 54, nos. 90, 91 and 
93, Nov. 10, 1930, pages 1411-1414 
Nov. 13, pages 1431-1432, and \ 
20, pages 1458-1460, 9 figs. 

Methods and equipment e! 
ployed for  heat-conductivit 
measurement; results are show 
in curves; comparison of silic 
brick and firebrick. 

MANUFACTURE. Efficiency) 
Handling of Grog for Refractories 
Cc. R. F. Threlfall. Brick and C! 
Rec., vol. 77, no. 12, Dec. 2, 193 
pages 649-650, 652-653, 670 and 
672. 

Use of grog in manufacture 
refractories to reduce laminatl 
in plastic clays, in increasing po! 
ous state in clay mass, and |! 
enabling ware to withstand suc 
den changes in temperature. A! 
stract of paper read before Bri' 
Ceramic Soc. 


SHEET STEEL 


Manufacture of Steel Sheets, ! 
S. Lawrence. Cleveland, 0., P¢ 
ton Publishing Co., 1930, - 
pages, illus., diagrs., 36.10. 

Describes sequence of operat! 
in sheetmaking from manutactur 
of steel to finished sheet, wit 
especial reference product 
of high grade sheets for auto! 
bile bodies; influence of yartols 
methods upon quality of produc! 
and causes and prevention of « 
fects are given attention; scrip: 
tion follows current practice a! 
is devoid of unnecessary tech! 
calities. Eng. Soc. Lib., 

(Continued on page 1? 
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rhe dernization of Existing 
Hot S Mills, R. Wean. Roll- 
vol. 4, no. 12, Dec. 
524) s 659-661, 2 figs. 

Re developments that have 
ot e to lower cost and per- 
_ ntional type sheet mills 


e present investment, 
employment and permit 

d to operate at profit. 

Infl ce of Shape of Specimen 
Notch Toughness of Thick 
n of Different Composi- 

n | Heat Treatment (Ein- 
der Probenform auf die 

kerbzachigkeit von Grobblechen 
erschiedener Zusammensetzung 

Waermebehandlung), F. 

koerber and K. Wallmann. Mit- 

vilungen aus Kaiser-Wil- 
helm-institat fuer Etsenforschung 

Duesseldorf), vol. 12, no. 13, 1930, 
pages 193-202, 7 figs; see also 
Siuhl und Eisen (Duesseldorf), 

|. 50, no. 49, Dec. 4, 1930. 

Notch hardness of different 

led and annealed and _heat- 

‘rreated plates, measured on three 

forms of test pieces; comparison 

f results. 

Influence of Degree of Rolling, 
‘tolling End Temperature’ and 
Heat Treatment on Mechanical 
Properties, Sensitivity to Aging 

d Structure of Thick Sheet 
ron (Einfluss des Walzgrades, der 
Walzendtemperatur und der 
Waermebehandlung auf die me- 
wanischen Eigenschaften, ete.), 
F. Koerber and K. Wallman. Mit- 
vilungen aus dem Kaiser-Wilhelm- 
nstitut fuer Eisenforschung 


Sheet 


(Duesseldorf), vol. 12, no. 13, 1930, 
pages 171-191, 94 figs. partly on 
supp. plates. 

Four steels of different carbon 
and silicon content were rolled at 
900, 800 and 700 deg. cent. to 
plates of 25, 20 and 15 mm. thick- 
ness and investigated to determine 
tensile strength, yield limit, elas- 
ticity, shrinkage, elongation and 
notch toughness. 


STAINLESS STEEL 

Rustless Steel’s Outlook One of 
Continuing Promise. J/ron Age, 
vol. 127, no. 1, Jan. 1, 1931, pages 
84-86, 2 figs. 

Principal application of stain- 
less steel in’ various industries, 
particularly automotive, building 
and chemical industries. 

The Fabrication of Plant’ in 
Acid-Resisting Steels, C. C. Hall. 
Welding Jl. (Lond.), vol. 27, no. 
327, Dec. 1930, pages 358-364. 

Most important aspects of plant 
fabrication, more particularly 
welding aspect; explanation re- 
garding special steels; processes 
involved in production of plant in 
austenitic steels; cold forming of 
special steels; welding of steels. 
Paper presented before Instn. 
Welding Engrs. 

ELECTRODE PROPERTIES. 
Electrode Properties of Stainless 
Steel, E. Newberry. Am. Electro- 
chemical Soc.—-Preprint, no. 58- 
25, for mtg. Sept. 25-27, 1930, 
pages 335-338 and (discussion) 
338-340. 

Electrode properties of highly 


pure commercial iron, sample of 
stainless steel, and of electrother- 
mally prepared chromium were 
compared; stainless steel or stain- 
less iron appears to be specially 
suitable as an electrode for con- 
trolled electrolytic reduction or 
oxidation of certain substances. 


STEEL CASTINGS 

The Superintendent’s Point of 
View, J. R. Bausch. Steel Founder, 
vol. 1, no. 9, Nov. 1930. 

Relation between selling of steel 
casting and quality production; 
need of rigid inspection method. 

CREEP. Creep Limit of Cast 
Steel at Elevated Temperatures. 
Foundry Trade Jl. (Lond.), vol. 
43, no. 743, Nov. 13, 1930, pages 
335-336, 6 figs. 

Review of various methods and 
results of creep test with partic- 
ular regard to work of A. Pomp, 
A. Dahmen, A. Thum and H., 
Holdt; experiments with constant 
load and constant temperature; 
creep limit can be determined 
with suflicient degree of accuracy 
by examining rate of elongation; 
effect of microstructure upon 
creep limit. 

ALLOY. Trends in Cast Alloy 
Steel, A. W. Lorenz and D. C., 
Zuege. Product Eng., vol. 1, no. 
12, Dec. 1930, pages 560-561. 

Present status of alloy steel cast- 
ings brieliy summarized. 

Chromium Cast Steels Resist 
Heat and Corrosion, H. D. Phil- 
lips. Foundry, vol. 59, no. 1, Jan. 
1, 1931, pages 65-69, 6 figs. 


Uniform Hardness 
Obtained by 


The Aeroease Process... 


\ thin bar of S.A... 1020 steel, 15 inches long, rest- 
ing on the bottom of this 12 in. by 18 in. pot, re- 
mained vertically in the Aerocase bath for 30 min. 
at 1600° F. and then was removed and quenched in 
water. L pon examination of 2 inch sections of the 
bar, each showed the same case depth and the same 
carbon concentration, Although this case-depth 
uniformity is most unusual for a liquid bath, it is 
typical of the results possible with the Aerocase 
Process on other steels and at other 
hardening temperatures. The Aero- 
case Process will simplify your hard - 


ening ... let us discuss it with you. 


Industrial Chemicals Division 


American Cyanamid Company 


555 Filth Avenue New York 
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Important advantages of 


a 
A NORTHRUP 


Coreless Induction Furnaces 


1. Absolute Temperature Control...The bath may be raised to any 
desired temperature within limits of the refractory lining, and may 
- be raised or lowered at will. 


2. Uniform Heating... The bath is uniformly heated throughout, 
thereby eliminating any localized over-heating. All the heat is gen. 
erated in the charge itself, and no part of the furnace is hotter than 
the charge. 


3. Ability to Reproduce Exacting Analysis...Heat after heat can be 
made with identical results. One user of this equipment has made 
1500 consecutive heats within specifications. 


we Over 10,000 4. Melting Without Contamination...There are no electrodes, furn- 
kw. installed ace gases, or other outside causes of contamination. Stainless stee! 


and on order ‘ , 
scrap can be re-melted without carbon pick-up. 
in the United 


States § Excellent Mixing of Bath...Stirring of the bath is an inherent fea- 
ture, steels containing heavy alloying elements are made without 
segregation. Gases and solid non-metallic inclusions are rapidly 
eliminated. 


6 Remelts Alloy Scrap Without Loss of Alloys...Scrap containing val- 
uable alloys are re-melted into good ingots without loss of alloys. 
Stainless steel scrap is reemelted without lossof chromium or nickel, 
and with no carbon increase. 


7. Comfortable Working Conditions...No part of the outside of the 
furnace is uncomfortable to touch with the bare hand. No heat 
radiates from the sides of the furnace. It is clean and cool at all times. 


8. Flexibility... Composition of melt may be changed as often as de- 
, sired. Linings are easily installed. Shut-downs and delays are not 
costly. 


Consult us about your melting problems 


PRES. and GEN. MGR. V. PRES. and TECH. ADVISE 
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om page 80) is provided by coating the 


con when dry with asphalt or sodium sili- 
fore putting in the lining. A very sub- 
tank can be made by pouring a con- 
hell, lining it with lead and then putting 


ditional lining of acidproof brick. 


cate 
stant 
cret 
im at 

Sometimes it is advisable to make a tank 
weording to the drawings on page 80. Its 
special features are a reinforced concrete wall, 
lined with two rows of acid-resisting brick, 
bonded together by an acidproof cement. Large 
‘tanks of this type are often 18 in. thick (9 in. of 
reinforced concrete and 9 in. of acidproof 
brick). It is advisable to provide a 1-in. cushion 
of plastic cement between the brick and con- 
crete to take care of the difference in expansion 
ind contraction of the two materials with tem- 


perature changes. 
Sulphur for Bonding Agent 


Another type of concrete tank is made along 
similar lines, with acid-resisting brick bonded 
together with melted sulphur. Since sulphur is 
very inert chemically, acid has very little effect 
on it. However, it is not easy to make. Sulphur 
when heated becomes rather thin and if it is 
heated still more it gets almost like molasses, so 
the bricks must be laid at just the proper tem- 
perature. If they are not, a poor job is bound 
to be the result. Sulphur cement is also inclined 
to be brittle and crack. 

Asphalt and tar waterproofing are some- 
limes used but are not effective since acid 
softens tars of low melting point while those of 
high melting point are brittle. 

A poor job of bricklaying will undoubtedly 
be quite expensive. It is quite obvious that if 
the acid seeps behind the brick it will immedi- 
ately attack the concrete foundation or walls 
and will put the surface of the concrete in such 
4 condition that an acid-resisting cement or 
other type of bonding material will not stick to 


it. This, of course, means that the brick will 
have to be torn out over a large area, the con- 
crete chipped out and rebuilt. If the tanks have 
several weak spots in them, spots which do not 
leak when the tank is first made but under the 
repeated expansion and contraction (which the 
tanks must undergo due to the variations in 
operating temperature), these weak spots will 
sooner or later make themselves known and 
the acid will be able to start its destructive ac- 
tion on the concrete. It may be said at this time 
that a concrete tank properly built is one of the 
best pickling tanks that can be made, but it 
must also be said that there is considerable 
gamble attached, and it has been this uncer- 
tainty that has kept them from being more 


widely adopted. 
Old Time Tanks of Granite 


The oldest pickling tanks were made of 
stone or slate. However, they are seldom seen 
now because of the difficulty of obtaining good 
acid-resisting stone, particularly in the large 
slabs required. Tanks of New England granite 
have been known to last as long as 35 years. 
Granite is a high-silica rock not attacked by 
sulphuric acid. 

It is always advisable, except when a con- 
crete tank is being used, to dig a pit in the floor 
sloping toward the sewer. The pit should have 
stringers 8 in. or wider, the tops of which are 
level, to support the tanks. Drainage is essen- 
tial, since it is almost impossible to prevent any 
liquid from ever overflowing, or leaking. Such 
construction allows the working floor to be 
clean and dry, and also holds the tanks them- 
selves out of any spilled pickling liquors, which, 
by the evaporation of water, would tend to at- 
tack the outside of tank, the bolts, nuts, and 
threaded parts of the rods which hold the tank 
together. In many localities the disposal of 
spent liquor is a serious problem. 
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Helpful 


Literature 


Metallurscope—E. Leitz, Inc. This instrument serves 
for microscopical examination of metal specimens in 
laboratories and work shops. It is of portable con- 
struction and can easily be transferred from one plant 
to another. Bulletin G-3. 

Heat Treating Furnaces—W. S. Rockwell Co. Catalog 
on Rockwell continuous heat treating furnaces, pusher 
type, electric or fuel. These are adapted to heat- 
treating, hardening and tempering, carburizing, ete. 
Bulletin G-1. 

Automatic Control Instruments—Brown Instrument 
Co. Folder showing application of pyrometers and 
automatic control instruments to the regulation of 
temperature in thirty makes of metal heat treatment 
furnaces. Bulletin G-2. 

Quenching Media—E. F. Houghton & Co. A 48-page 
booklet by the Houghton research staff covering the 
use of various quenching media and describing how 
uniformity is made possible with oil hardening. Bul- 
letin G-4, 

X-Rays—General Electric X-Ray Corp. “Industrial 
Application of the X-Ray,” a forty-page brochure ex- 
plaining the value of X-rays in various industrial proc- 
esses and describes the apparatus required. — Fifty 
selected radiographs are illustrated. Bulletin E-3. 

Heat Resisting Alloy—Ohio Steel Foundry Co.  20- 
page bulletin on Fahrite Heat Resisting Alloy, show- 
ing photographs of typical installations of this mate- 
rial. Bulletin No. E-7. 

Buyers Guide—International Nickel Co. Buyers 
Guide to Nickel Alloy Steel Products. A tabulation of 
sources of supply for the more commonly used forged, 
rolled, cast or drawn products made from nickel steels 
and alloys. Ask for bulletin No. E-8. 

Alloy Steel Handbook—Republic Steel Corp., has 
available a revised edition of the Agathon Alloy Steels 
Handbook. This contains complete instructions for the 
heat treatment of the various steels in chart form for 
‘asy reading. Ask for bulletin No. E-10. 

Alloys—Calorizing Co. Heat Enduring, Corrosion 
Resisting Alloys. <A technical bulletin giving physical 
properties of nickel-chromium iron alloys at all oper- 
ating temperatures. Photographs of typical applica- 
tions are included. Ask for bulletin No. E-12. 

Gas Heat—American Gas Association. Send for a 
copy of the new book Gas Heat. No charge. Gas is 
now the preferred fuel for all industrial purposes. 
Ask for bulletin No. E-13. 

Refractory Cements—Botfield Refractories Co., have 
prepared a 12-page booklet describing high tempera- 
ture fire brick cements, including chrome cements and 


mixtures for surfacing and bonding fire brick i: 
types of furnaces. Bulletin No. E-14. 

High Temperature Alloy—Michigan Steel Casting | 
A 16-page bulletin containing illustrated descripti 
matter of their alloy castings and fabricated product: 
for use in high temperatures. Ask for bulletin No. E-1! 

Ingot Molds—Gathmann Engineering Co. A n 
book covering the subject of ingot molding. It « 
tains numerous illustrations of the effects of variou 
methods of finishing and casting on the reliability 
steel products. Booklet C-1. 

Pyrometers—Charles Engelhard, Inc. Bulletin 
scribing features of indicating and recording pyro 
eters. Treats on such subjects as sensitivity, resist 
ance, support and control of moving coil, and temper 
ature coeflicient. Bulletin E-29, 

Heat Treating Equipment—Case Hardening Servic: 
Co. 24-page catalog of supplies and accessories | 
heat treating plants. Contains numerous illustrations 
and many helpful suggestions for economic heat treat 
ing and equipment operation. Bulletin No. E-19 

Heat Treating Wall Chart—Chicago Flexible Sho 
Co. Chart covering temperature conversion, heat treat 
ments for S.A.E. steels and other data for handy re! 
erence in the heat treating department. Bulletin E-25 

Ferro Alloys—Electro Metallurgical Sales Corp., has 
issued the third edition of “Electromet” Ferro Alloys 
and Metals which describes fully the products ful 
nished by this Corporation to the various metallurgica 
industries. Ask for bulletin No. E-22. 

Alloys—General Alloys Co., has gotten out a nev 
bulletin on chrome nickel and straight chrome hea! 
and corrosion resisting alloys known as bulletin E-25 
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Automatic Temperature Cutout—Hevi Duty Electric 
( A new leaflet has been published describing the 
“Automatic Temperature Cutout,” which can be 
lied to any type of furnace. Ask for bulletin E-24. 
Time Cycle Contactors—Automatic Temperature 
Control Co. Cycle controllers for the regulation of 
process operation are described in detail in the revised 
bulletin on timer application. Ask for bulletin No. 
E-20. 
Alloys, Heat-Resisting—Driver-Harris Co. A_ bro- 
ehure illustrating interesting Nichrome installations. 
Nichrome is the original heat-resisting casting. Ask 
for bulletin D-1. 

Ascoloy 55—Allegheny Steel Co. A technical bulle- 
tin describing this chromium iron alloy will be sent 
m request. Ask for bulletin D-5. 

Hardness Testers—Wilson-Maeulen Co. Bulletin 
H-9 deseribing applications of the Rockwell hardness 
tester to a variety of types of work in many different 
industries. Bulletin D-7. 

Hy-Ten Steel—Wheelock, Lovejoy and Co. Hy-Ten 
steels range in carbon from .10 to 1.00 per cent. There 
is a Hy-Ten grade for every vital machine part. Bul- 
letin D-8. 

Fatigue Testing Machine—Thompson Grinder Co. A 
bulletin describing the rotating beam type fatigue test- 
ing machine. Giving interesting data on fatigue test- 
ing. Bulletin D-9. 

Chromel Resistance Wire—Hoskins Mfg. Co. Cata- 
log and handbook describing Chromel resistance wire 
ind other resistance alloys, also thermocouple alloys, 
giving technical information and data. Bulletin D-10. 


(ilobar Heating Elements—Globar Corporation. Bul- 
letin “Globar Non-Metallic Electric Heating Elements” 
which gives the physical characteristics and applica- 
tions of Globar elements. Bulletin D-12. 

Tool Steels—Carpenter Steel Co. Bulletin “Timbre 
ind How It Affects the Properties of Carbon Tool 
Steel.” Defines Timbre and illustrates and describes 
limbre testing. Published by the research depart- 
ment. Bulletin C-6. 

Deoxidizers—Vanadium Corp. of America. Leaflet 
describing Alsifer, a material used for the deoxidation 
of steel during manufacture. Ask for bulletin No. B-6. 

Corrosion and Heat Resisting Steels—Colonial Steel 
Co., Vanadium Alloys Steel Co., and Anchor Drawn 
Steel Co. Booklet gives complete data regarding stain- 
less A, stainless B, stainless I, stainless FMS, stainless 
N, stainless U and stainless CNC. It is intended for 
shop men to whom it gives valuable technical infor- 
mation. Ask for bulletin No. B-4. 

Heat Treating Chemicals—Roessler and Hasslacher 
Chemical Co. Booklet “Case Hardening and Heat 
freatment of Steel.” Comprehensive data on cyanides 
for surface hardening, physical properties and methods 
of use of salt baths for drawing, annealing and gen- 
eral hardening. Ask for bulletin No. B-13. 

Fuel Fired Furnaces—Electric Furnace Co. Eight- 
page bulletin illustrating oil and gas fired continuous 
ind batch type billet heating, forging and car type 
furnaces for heating, normalizing and heat treating, 
‘iso labor saving material handling equipment. Ask 
lor bulletin No, B-18. 

Nirosta Buyers Guide—Krupp Nirosta Co., Inc. <A 
concise listing of Companies, producing Nirosta metal, 
their addresses and the forms of material they are 
prepared to furnish. Ask for bulletin No. B-19. 

Furnaces—Strong, Carlisle and Hammond Co. in- 
yiles your requests for their bulletins and reprints of 
recent furnace installations. Your inquiries are so- 

ed. Ask for bulletin No. B-20. 

industrial Regulators—Minneapolis-Honeywell Regu- 
itor Co. Booklet describing their motorized valves 
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used in furnace temperature regulation. These valves 
operate with their regulators or with any pyrometric 
controller to regulate flow of gas, oil and air. Bulletin 
F-20. 

Resistance Thermometers—Leeds and Northrup Co. 
Revised catalog treating in detail resistance ther- 
mometers for recording, controlling and indicating 
temperatures, covering heating and ventilating, appli- 
cations in refrigeration and chemical plants, gas-mak 
ing and other low temperature applications. Bulletin 
K-19. 

Steel Handbook—J os. T. Ryerson & Sons, Inc. Hand 
book on Tool and Alloy Steels. Description, technical 
data and general information on tool and alloy steels. 
Also nontechnical description of heat treating methods 
and shop practice applying to various steels. Bulletin 
F-18. 

Induction Furnaces—Ajax Electrothermic Corp. This 
bulletin gives latest information regarding coreless in 
duction furnaces in capacities up to several tons, and 
motor-generator equipments for energizing the fur- 
naces. Bulletin F-17. 

Scale Prevention—Dearborn Chemical Co. Booklet 
describing latest scientific methods of treating water 
for prevention of scale, corrosion and foaming in steam 
boilers, dealing with related problems in connection 
with seale and corrosion in other power plant equip 
ment. Bulletin F-16. 


Rotary Hearth Furnaces—George J. Hagan Co. Bul 
letin covering various rotary-hearth type furnaces built 
and installed by this company. Bulletin includes pho 
tographs of typical installations. Bulletin F-13. 

Pickling Equipment—Weaver Brothers Co. Bulletin 
on Weaver-built Monel metal pickling equipment show 
ing baskets and crates designed to meet every pickling 
need. Bulletin F-14. 


Resilia—Bethlehem Steel Company has published a 
folder describing Resilia, a silicon-manganese spring 
possessing great strength, lasting resilience, and re- 
markable fatigue resistance. Bulletin F-12. 

Oil Burners—Ryan, Scully & Co. Booklet on low 
pressure automatic oil burners, completely describing 
and illustrating this type of burner installation. Book- 
let F-5. 

Furnaces—Surface Combustion Corporation invites 
your request for the following new bulletins: Cauldron 
Furnaces and Solution Heaters F-7; Soaking Pits, F-&8; 
and Roller Hearth Annealing Furnaces F-9. 

Furnaces—American Electric Furnace Co. has a 
new bulletin covering carburizing and annealing fur- 
naces in the 36” and 48” widths. A request for bulletin 
F-6 will bring immediate response. 

Heating Machines—Aimerican Gas Furnace Co. Bul- 
letin describing and illustrating latest developments in 
economical heating machines for heat treatment, case 
hardening, coloring, brazing, etc. Bulletin F-4. 

Electric Heating Equipment—Westinghouse Electric 
& Mfg. Co. 100-page catalog covering industrial heating 
equipment. Publication includes operating data, 
charts, tables and installation photographs in addition 
to specifications and illustrations of industrial heating 
equipment. Bulletin F-2. 

Aluminum Alloy Castings—British Aluminum Co. 
Ltd. Booklet contains information on aluminum al- 
loys used in all manner of light alloy castings. Con- 
tains a quantity of technical information for foundries 
and users of aluminum alloys and alloy castings. Book- 
let F-1. 

Tool Steel Handbook—Columbia Tool Steel Co. De- 
scription and correct use of tool steels. Hints on how 
to avoid hardening failures. Also, heat treating meth- 
ods and valuable information tables. Bookiet G-7. 
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The “HORNET” 
575-hp., 810-Ib. wt. 


GENERAL 


BLECTRIC 


GE NERA L 


MIGHTY 


PRATT WHITNEY AIRCRAFT COVE 


HE mass production of uniformly heat treated steels, in which the utmost 
ossible dynamic strength has been developed, is at the present time regarded 
as the keynote of aircraft supremacy.” 


Excerpt from an article in “Heat Treating and Forging 
by MR. J. W. URQUHART, Metallurgist, Londo: 
These wonderful prime movers of the air—the dynamic “Hornet” 
and the flashingly powerful ““Wasp’—manufactured by the Pratt & 
Whitney Aircraft Company, owe no small portion of their mechanical 
excellence to the painstaking heat treatment of their parts. 


To meet the demands of mass production, to insure maximum uni- 
formity and dependability, the Pratt & Whitney Aircraft Company 
has installed to date six G-E box-type furnaces, two G-E lead hardening 
pots, and two G-E tempering baths, all equipped with G-E control gear. 


Thus the processes of tempering, hardening, and toughening have 
been placed beyond all guesswork. Every part is uniformly treated— 
perfect—safe and dependable. And working conditions, too are 
improved. 


General view, heat 
treating department, 
the Pratt & Whitney 
Aircraft Co., Hart- 
ford, Conn., showing 
G-E electric furnaces, 
lead pots, etc., 
equipped with 
control 


Two G-E 30-kw. oil-tempering 
baths, the Pratt & Whitney 
Aircraft Co., Hartford, Conn., 
equipped with G-E control 
equipment 
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